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1.0 


In  light  of  the  importance  of  the  safe  and  efficient  trans- 
fer of  oil  in  Deepwater  Ports  (DWPs) , it  was  the  intent  of 
this  study  to  examine  in  detail  the  oil  transfer  control 
system  in  order  to  aid  the  design  review  process.  Spe- 
cifically, the  objectives  were: 

• to  evaluate  normal  procedures  and  controls  used  in 
DWP  crude  oil  transfer  operations 

• to  evaluate  types  of  failures  that  might  occur  in 
the  control  system 

• to  evaluate  emergency  procedures  and  controls  which 
would  be  employed  when  normal  procedures  and  controls 
are  inoperative. 

With  offloading  rates  in  DWPs  approaching  300,000  barrels 
per  hour,  the  performance  and  reliability  of  the  oil  tranfer 
equipment  and  controls  are  of  critical  importance.  Reaction 
times  previously  adequate  in  lower  volume  systems  are  in- 
adequate in  the  specification  of  a modern  Deepwater  Port. 

With  increasing  loading  rates,  there  has  been  a steady 
shift  in  control  technology  towards  automatic  and  electronic 
control  systems.  This  changing  state-of-the-art  makes  it 
difficult  for  those  evaluating,  reviewing,  and  approving 
control  system  designs  to  assure  that  certain  minimum 
standards  are  met. 


1-1 


1.2 


STUDY  APPROACH 


The  first  step  in  the  study  was  to  describe  a Deepwater 
Port.  The  one  described  consists  of  the  following  major 
systems : 


• Tanker 

• Offshore  Facilities  (Platforms  and  SPM  's/Sea  Island) 

• Onshore  Facilities 

• Communications 


Once  the  major  physical  systems  were  determined,  a Functional 
Staging  Diagram  (FSD)  was  developed.  The  FSD  is  a hier- 
archical block  diagram  structure  which  is  used  to  determine 
and  display  the  interdependency  of  functions  necessary  for 
a system  to  operate  (see  2.3.2  for  a complete  description). 

Equipment  Staging  Diagrams  (ESD)  were  then  constructed  for  a 
Deepwater  Port  utilizing  the  generic  functions  of  the  FSD 
as  a guide  (see  2.3.3  for  a complete  description  of  ESD). 

The  ESDs  evolved  from  a top  down  approach  in  which  systems 
were  described  in  terms  of  subsystems,  elements,  and  equip- 
ment. 


Ordinarily,  the  next  step  in  the  approach  would  have  been 
to  construct  Operational  Sequence  Diagrams  (OSD)  which 
are  useful  in  displaying  information-decision-action  re- 
lationships in  highly  complex  systems.  Several  factors 
contributed  to  shifting  from  OSDs  to  a Failure  Modes  and 
Effects  Analysis  (FMEA) . One  of  the  primary  reasons  was 
that  the  DWP  oil  transfer  control  system  was  not  as  complex 
as  was  originally  anticipated.  This  was  combined  with  the 
fact  that  the  oil  transfer  control  system's  operational 
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sequence  of  system  lineup,  movement  of  cargo,  and  shutdown 
were  readily  displayed  in  the  ESDs.  The  detailed  equipment 
sequences,  if  available,  were  described  in  the  FMEA. 

Multiple  Activity  Charts  (MAC)  are  useful  in  analyzing 
scheduling  problems,  work  load  balance  and  manpower 
utilization  in  specific  and  complex  systems.  Because  of 
the  generic  nature  of  the  DWP  described  herein,  MACs 
were  not  considered  the  appropriate  means  of  displaying 
the  information.  Instead,  a more  qualitative  method  is 
used  in  the  narrative  description  of  oil  transfer  control 
systems . 

As  the  study  progressed  through  the  definition  phase,  which 
included  the  hierarchical  description  of  the  offloading 
process  and  its  associated  equipment,  it  became  apparent  that 
the  best  way  to  meet  the  reliability  objectives  was  through 
a combination  of  Fault  Trees  and  Failure  Modes  and  Effects 
Analysis.  This  provided  a blend  of  theoretical  and  operational 
points  of  view  with  the  emphasis  placed  on  operational  and 
design  experience  since  the  intended  user  was  a design 
reviewer.  Reliability  Block  Diagrams  could  have  been  used 
in  lieu  of  Fault  Trees,  but  it  was  determined  that  the 
explicitness  of  Fault  Trees  (especially  since  they  were 
not  complex)  would  be  easier  to  understand  and  would  be 
more  flexible  under  changing  design  than  would  be  Reliability 
Block  Diagrams. 

The  Failure  Modes  and  Effects  Analysis  emphasized  extremely 
important  aspects  of  oil  transfer  control  systems,  based  on 
actual  operational  experience.  Failure  modes  were  explicitly 
described,  alternative  procedures  which  would  mitigate  either 
the  failure  or  the  effects  of  the  failure  were  synthesized  by 
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knowledgeable  design  experts,  and  scenarios  were  postulated 
which  quantified  the  spill  sizes  which  could  result  from 
critical  equipment  failures.  Maintenance  actions  were 
recommended  which  would  keep  the  equipment  as  close  to 
designed  condition  as  possible. 

1-3  REP.Q.RT  STRUCTURE  AND— USES 

The  primary  intended  user  of  this  report  is  the  design 
reviewer  in  the  United  States  Coast  Guard.  The  information 
presented  is  structured  to  provide  the  reviewer  first  with 
specific  descriptive  material  and  then  with  the  means  to 
use  this  material  so  that  an  informed  decision  can  be 
made  as  to  the  acceptability  of  a design. 

Section  2.0  provides  the  specific  background  material, 

Section  3.0  describes  the  Numerical  Rating  System,  and 
the  Appendices  contain  further  backup  material  and  work- 
sheets . 

Section  2.0,  System  Characterization,  is  functionally 
oriented,  and  it  is  formatted  around  a hierarchical  DWP 
equipment  structure.  This  makes  it  possible  for  the 
reviewer  to  obtain  information  knowing  either  the  physical 
structure  or  the  functional  structure.  For  example,  the 
design  reviewer  could  directly  obtain  information  on  an 
overspeed  trip  used  by  a tanker  by  looking  at  ESD  11200 
and  finding  that  the  overspeed  trip  is  number  11213/01. 

The  review  could  then  turn  to  Sec  Lon  11213/01  in  Appendix  E 
for  more  information.  On  the  other  hand,  the  reviewer  might 
not  know  that  an  overspeed  trip  was  required.  The  reviewer 
could  still  get  information  on  it  by  searching  the  functional 
headings  of  Pump  Protection  Devices,  Start  Pumping,  or  Move 
Oil  Through  Tanker  Systems. 


In  this  report,  the  location  of  the  DWP  Central  Control 
Station  has  not  been  fixed.  This  is  deliberate  because 
there  is  no  generally  accepted  practice  within  the  industry 
which  locates  the  central  control  of  a terminal  in  any  one 
place.  Existing  Deepwater  Ports  show  a variety  of  locations 
determined  by  whether  or  not  the  DWP  in  an  extension  to 
existing  facilities,  by  the  distance  between  the  on  and  offshore 
facilities,  or  by  the  established  practices  of  the  owner(s). 

Wherever  "Central  Control  Station"  is  referred  to  in  this 
report,  its  location  can  be  ignored;  the  communications 
link  completes  the  "loop"  of  those  control  systems  con- 
sidered and  the  location  becomes  irrelevant. 

Section  3.0,  the  Numerical  Rating  System,  is  an  extension 
of  Section  2.0  in  that  the  reviewer  will  draw  upon  the 
concepts  and  criteria  presented  to  describe  the  system 
being  evaluated  and  to  numerically  rate  this  proposed 
system  against  the  benchmark  system  of  Section  2.  The 
rating  system  is  comprised  of  two  major  parts:  the  Design 
Adequacy  Rating  and  the  Reliability/Effects  Rating.  An 
example  of  how  to  use  the  Rating  System  is  given  to  aid 
in  the  understanding  of  the  procedure. 

The  Appendices  contain  various  backup  material  including: 

A.  Failure  Modes  and  Effects  Analysis  of  the  control 
system  presented  in  Section  2.0.  This  analysis  is 
a systematic  procedure  which  identifies  and  assesses 
the  likelihood,  consequences,  and  corrective  action 
which  should  be  taken  for  significant  modes  of 


failure . 
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B.  Fault  Trees  of  the  control  system  identified  in 
Section  2.0,  including  equations  which  quantify 
the  equipment  relationships  of  the  fault  tree  to 
determine  the  element  probability  of  failure. 

C.  Element  Reliability/Effects  Rating  Sheet,  including 
a blank  set  for  the  design  reviewer  and  a completed 
set  on  the  control  system  identified  in  Section  2.0. 

D.  Effects  Rating  Factor  Worksheet,  including  a blank 
set  for  the  use  of  the  design  reviewer  and  a com- 
pleted set  on  the  control  system  identified  in 
Section  2.0. 

E.  Equipment  Description,  including: 

A general  section  which  discusses  the  type  of 
instrumentation  used  in  the  control  systems. 

A section  dealing  with  information  in  the  form 
of  technical  manual  excerpts. 

A section  devoted  to  the  specific  components  of 
the  control  systems. 

F.  Scenarios  of  Failure  of  vital  elements  and  their 
resultant  effects. 

L-4  DEEPWATER  PORTS 

Deepwater  Ports,  as  defined  in  the  "Deepwater  Port  Act  of 

1974,"  are: 
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"...any  fixed  or  floating  manmade  structures  other  than 
a vessel,  or  any  group  of  such  structures,  located  beyond  the 
territorial  sea  and  off  the  coast  of  the  United  States  and 
which  are  used  or  intended  for  use  as  a port  or  terminal 
for  the  loading  or  unloading  and  further  handling  of  oil... 

The  term  includes  all  associated  components  and  forms,  mooring 
buoys,  and  similar  appurtenances..." 

This  study  considers  the  Control  Systems  of  those  ports 
covered  by  The  Act  and  designed  only  for  the  offloading 
of  oil. 

Two  distinctly  different  types  of  offshore  facilities 
exist  and  are  in  operation  today,  although  the  fundamental 
function  of  the  port  remains  the  same.  These  are: 


1.  Single  Point  Mooring 

2 . Sea  Island 

The  Control  Systems  of  a Deepwater  Port  are  concerned  with 
two  major  functions: 

1.  The  actual  transfer,  measurement  and  control  of  the 
oil . 

2.  The  prevention  and  minimization  of  any  adverse  impact 
from  failure  of  the  oil  transfer  system. 

A narrative  description  of  the  basic  functions  of  a Deep- 
water Port  and  a discussion  on  the  development  of  the  various 
diagrams  used  in  this  report  can  be  found  in  Section  2.0. 
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1.4.1.  TANKERS 

The  control  systems  associated  with  the  handling  of  VLCC 
crude  oil  cargoes  are  concerned  with: 

• Levels  in  the  tanks 

• Cargo  pumps 

• Stripping  pumps 

• Valve  operation 

Investigations  have  revealed  that  these  controls  are  kept 
as  simple  as  possible  and  apart  from  pump  protection  devices 
which  automatically  shut  down  the  pump  under  abnormal  con- 
ditions, no  other  automatic  control  loops  are  installed. 

Remote  control  from  a central  control  room  is  common  on 
today's  tankers.  From  this  central  location,  the  ship's 
crew  control  the  main  cargo  and  stripping  pumps,  switch 
tanks  according  to  the  remote  level  readings  and  operate 
the  valves  required  to  route  the  oil  from  the  tanks  via 
the  pumps  to  the  ship's  manifold.  Details  of  the  component 
parts  of  these  control  systems  are  fully  described  in 
Appendix  E. 

1.4.2  OFFSHORE  FACILITIES 

1.4. 2.1  Platforms  and  Single  Point  Moorings  (Figure  2-1) 

This  type  of  facility  utilizes  a buoy  or  floating  turntable 
to  which  the  tanker  is  moored  "bow  on."  Floating  flexible 
hoses  connected  from  the  ship’s  manifold  to  a swivel  on 
the  S.P.M.  provide  the  flexible  link  between  the  tanker  and 
the  Deepwater  Port  facilities. 
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Block  valves  on  the  seabed  at  the  pipeline  end  manifold 
(PLEM)  provide  the  necessary  isolation  in  the  event  of  an 
emergency.  Single  Point  Moorings  can  be  connected  directly 
by  submarine  pipeline  to  shore  facilties,  or  they  can  be 
part  of  a complex  involving  an  intermediate  pumping  platform 
and  other  S.P.M.s. 

The  Control  Systems  on  an  S.P.M.  platform,  which  includes 
booster  pumps  and/or  metering  facilities,  are  extensive 
and  complex. 

If  the  terminal  facilities  are  such  that  the  rapid  closure 
of  a valve  or  the  quick  starting  or  stopping  of  a pump 
could  propagate  a surge  pressure  condition,  then  a surge 
relief  system  should  be  included.  Various  monitors  and 
controls  are  necessary  to  ensure  the  function  and  avail- 
ability of  this  relief  system  at  all  times. 

It  is  normal  practice  to  install  a block  valve  at  the  plat- 
form end  of  each  submarine  pipeline  to  shore.  This  valve 
serves  the  purpose  of  emergency  shutdown  of  the  facilities 
effectively  isolating,  for  instance,  a ruptured  submarine 
pipeline  from  the  tanker.  This  valve  would  also  be  used 
to  provide  a pressure  shutoff  for  pipeline  leak  testing. 

1.4. 2. 2 Sea  Island  (Figure  2-2) 

This  type  of  Deepwater  Port  provides  a fixed  structure 
against  which  the  loaded  tanker  berths  and  is  moored. 

Fully  articulated  loading  arms  are  connected  to  the  ship's 
manifold  and  provide  the  flexible  link  between  the  tanker 
and  the  piping  systems  on  the  structure.  These  loading 
arms  will,  within  certain  limitations,  follow  the  move- 
ment of  the  tanker  as  it  unloads  its  cargo. 
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The  controls  associated  with  the  piping  systems  on  the 
central  platform  of  the  Sea  Island  can  be  simple,  monitor- 
ing only  pressures  and  flow  rates,  or  they  can  be  complex 
and  comparable  to  those  described  for  an  S.P.M.  platform. 

The  same  control  systems  would  be  required  for  booster 
pumps,  metering,  and  surge  relief  as  that  found  on  the 
S.P.M.  platform. 

1.4.3  ONSHORE  FACILITIES 

Large  tank  farms  containing  numerous  tanks  or  underground 
storage  cavities  are  necessary  to  store  the  cargoes  of 
oil  discharged  from  VLCCs.  The  pipelines  from  these  tanks 
are  connected  to  the  submarine  lines  through  a valve  manifold 
which,  as  the  number  of  submarine  lines  and  tanks  increases, 
becomes  more  complex.  Electrical  interlocks  become  necessary 
to  prevent  the  accidental  opening  of  valves  and  to  ensure 
the  correct  routing  of  the  oil  through  the  onshore  facilities. 
Where  the  tank  farm  is  some  distance  from  the  shore,  the 
installation  of  booster  pumps  may  be  required  in  order  to 
move  the  oil  to  storage.  Custody  transfer  or  leak  detection 
would  require  the  inclusion  of  a metering  station  and, 
where  the  possibility  of  surge  pressures  exist,  a protection 
system  would  be  included.  The  levels  in  the  tanks  are 
continuously  monitored  by  level  instruments  which,  in 
exceptional  cases,  may  be  used  to  determine  volumes  for 
custody  transfer.  However,  these  remote  reading  level 
instruments  are  used  mainly  as  an  operational  tool  to 
prevent  overfilling  and  overemptying. 

1.4.4  COMMUNICATIONS 

This  essential  link  between  the  basic  oomponents  of  any 
Deepwater  Port  can  be  achieved  in  many  ways. 
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In  this  study,  only  the  communications  which  play  a part 
in  the  control  systems  are  considered. 

Where  the  offshore  facilities  are  only  a short  distance 
from  shore,  a communications  submarine  cable  is  laid  on 
the  seabed.  An  economic  break  point  exists,  however,  as 
the  distance  offshore  became  greater.  At  this  point,  it 
becomes  more  economical  to  install  a communications  radio 
link.  Both  types  will  carry  voice  as  well  as  instrumentation 
signals . 

As  the  facilities  become  more  and  more  complex  involving 
an  interchange  of  many  signals,  a system  of  coded  com- 
munications is  necessary.  These  coded  signals  may  be 
transmitted  by  either  the  submarine  cable  or  radio. 


SYSTEM  CHARACTERIZATION 


This  section  deals  with  the  basic  functions  of  a DWP  and 
explains  the  development  of  the  Line  Diagrams,  Functionnal 
Staging  Diagram  and  Equipment  Staging  Diagrams  contained 
in  this  report.  The  method  employed  to  develop  these 
diagrams  was  based  upon  the  progressive  expansion  of 
successive  diagrams  until  a detailed  list  of  components 
was  obtained. 

The  initial  Line  Diagrams  (Figures  2-1  and  2-2)  show  the 
two  types  of  Deepwater  Ports  considered  in  this  report. 

It  is  from  these  two  basic  diagrams  that  all  other  Line 
Diagrams  have  been  developed. 

The  Functional  Staging  Diagram  (Figure  2-3)  takes  the 
operational  sequence  of  the  functions  required  in  moving 
oil  from  the  tanker  to  the  onshore  storage  and  displays 
it  as  a three-level  hierarchical  block  diagram.  It  is 
from  a combination  of  these  two  basic  Line  Diagrams  and 
the  Functional  Staging  Diagram  that  the  Equipment  Staging 
Diagrams  were  developed. 

A logic  numbering  system  was  developed  to  identify  the 
individual  functions  and  components  of  the  Equipment  Staging 
Diagrams,  and  to  serve  as  a cross-reference  throughout 
this  report. 
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DWP  BASIC  FUNCTIONS 


The  following  narrative  is  designed  to  familiarize  the 
reader  with  the  basic  operational  techniques  and  equipment 
employed  in  importing  crude  oil  at  a Deepwater  Port.  It 
is  assumed  that  the  tanker  is  moored  or  berthed  and  that 
the  connection  to  the  hoses  or  loading  arms  has  been  com- 
pleted. 

2.2.1  PREPARATIONS 

The  first  step  in  the  actual  offloading  of  oil  requires 
that  equipment  on  the  tanker  and  at  the  offshore  and  on- 
shore facilities  be  made  ready  and  "lined-up"  to  receive 
the  oil. 

On  the  tanker,  the  piping  systems  from  the  tanks  to  the 
suction  of  the  pumps  must  be  prepared  by  opening  the  ap- 
propriate valves.  A sequence  of  tanker  cargo  tank  empty- 
ings will  be  followed  which  maintains  the  ship  at  an  ac- 
ceptable trim.  This  means  that  tank  levels  must  be  con- 
tinuously monitored  and  when  required,  the  tanks  must  be 
switched  to  and  from  the  pump  suction  systems.  The  piping 
route  from  the  pump’s  disharge  to  the  ship's  manifold 
must  be  prepared  by  opening  the  appropriate  valves. 

The  offshore  facilities,  whether  they  be  a platform  com- 
plex serviced  by  S.P.M.s  or  a sea  island,  must  also  be 
made  ready  to  receive  the  oil  from  the  tanker.  The  nec- 
essary valves  must  be  opened  to  route  the  oil  to  the  sub- 
marine pipes  which  will  carry  it  ashore.  If  the  facil- 
ities include  booster  pumps  and  metering  stations,  then 
these  also  must  be  readied  to  receive  the  oil.  The 


appropriate  valves  must  be  opened  to  route  the  oil  to  the 
booster  pumps  and/or  the  selected  meters.  The  automatic 
sampler  must  be  adjusted  and  made  ready  to  extract  the 
proper  quantity  of  oil  from  the  pipeline  for  analysis. 

It  is  normal  practice  to  leave  one  valve  in  the  system 
closed.  On  a platform  complex  served  by  S.P.M.'s,  this 
valve  would  be  the  isolating  valve  at  the  top  of  the  sub- 
marine pipe  riser;  for  a sea  island  platform,  it  would  be 
the  valve  at  the  base  of  each  loading  arm. 

At  the  same  time,  the  onshore  facilities  must  be  "lined-up" 
to  route  the  oil  to  the  receiving  storage  tanks.  This  may 
be  via  a booster  pumping  station  and/or  a metering  station. 

The  need  for  booster  pumping  is  determined  by  the  distance 
the  oil  has  to  travel. 

Metering  stations  serve  dual  functions;  to  precisely  measure 
the  quantity  of  oil  being  transferred  for  custody  purposes 
and/or  to  compare  offshore  metered  measurements  with  on- 
shore metered  measurements  as  a means  of  detecting  leaks. 

Before  pumping  commences,  the  surge  protection  equipment, 
if  installed,  must  be  checked  and  made  ready  to  deal  with 
a surge  if  it  should  occur. 

2.2.2  PUMPING 

At  the  request  of  the  terminal  operators,  the  ship  starts 
pumping  at  a very  low  flow  rate.  This  causes  a pressure 
build-up  against  the  closed  submarine  pipe  riser  or  loading 
arm  valve (s)  on  the  offshore  facilities. 
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This  procedure  tests  the  hose  or  loading  arm  connections 
to  the  ship's  manifold.  If  the  connections  prove  leak 
tight,  the  pipe  riser  or  loading  arm  valve  is  opened.  The 
ship  is  then  requested  to  increase  its  pumping  rate  in 
stages  until  the  authorized  offloading  flow  rate  has  been 
attained . 

As  the  ship's  storage  tanks  empty,  full  tanks  must  be 
brought  onto  line.  The  ship's  operators  monitor  the  levels 
in  the  tanks  and  control  the  opening  and  closing  of  tanker 
valves  from  the  ship's  central  control  room.  This  control 
room  also  houses  the  controls  and  indicators  for  the  main 
cargo  and  stripping  pumps. 

The  most  common  type  of  pump  prime  mover  employed  on  VLCCs 
is  the  steam  turbine.  This  type  of  prime  mover  has  the 
advantage  of  variable  speeds,  thus  being  able  to  control 
the  rate  of  pumping  over  a large  range. 

Once  the  oil  moves  from  the  ship,  port  operating  personnel 
monitor  and  control  the  flow  from  a central  control  room. 

It  is  normal  practice  to  group  all  controls  on  a mimic 
control  panel  which,  apart  from  housing  the  controls  and 
indicators,  has  a mimic  display  of  the  piping  system  on 
the  platform. 

DWP  oil  transfer  systems  which  are  required  to  accommodate 
multiple  crude  oils  that  cannot  be  contaminated  with  each 
other  are  provided  with  a "pigging"  system.  Separation  of 
crude  oil  cargoes  is  accomplished  by  placing  a pig  at  the 
interface  of  the  two  crude  types.  In  this  way,  both  crudes 
are  transferred  through  the  transfer  systems  simultaneously. 
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Pigs  are  available  in  many  shapes  and  they  can  be  fabricated 
from  various  materials.  For  DWP  service,  spherical  pigs 
made  of  neoprene  are  the  most  widely  used.  A more  detailed 
description  of  pigging  systems  is  given  in  Appendix  E. 

When  booster  pumps  are  necessary  to  assist  the  ship  s 
pumps  in  moving  the  oil  ashore,  automatic  controls  ensure 
that  the  flow  rate  and  system  pressure  are  synchronized 
with  the  ship’s  pumps. 

Metering  stations  which  are  continuously  measuring  the 
quantity  of  oil  passing  through  the  facilities  are  monitored 
from  the  central  control  room  where  flow  rates,  accumulated 
quantities,  pressures  and  proving  procedures  are  displayed 

and  controlled. 

Alarms  and  remote  indicators  warn  the  operators  if  the 
surge  protection  system,  when  installed,  is  available  to 
deal  with  a surge  situation. 

2.2.3  SHUTDOWN 

As  the  level  in  each  of  the  ship's  tanks  is  reduced,  full 
cargo  tanks  are  brought  on  line.  Relatively  small  quantities 
of  oil  remain  in  the  tanks  at  levels  below  the  suction 
capabilities  of  the  main  cargo  pumps.  This  oil  is  removed 
from  the  tanks  and  pumped  into  the  piping  system  by  a series 
of  small  pumps  called  "stripping  pumps."  This  stripping 
operation  usually  occupies  the  last  hour  or  so  of  the  dis- 
charging time.  The  main  cargo  pumps  are  shut  down  as 

"stripping"  begins. 
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When  stripping  is  complete,  the  oil  in  the  ship's  manifold 
is  allowed  to  drain  back  to  the  tanks  and  the  valves  are 
closed.  In  the  case  of  operations  at  an  S.P.M.  facility, 
each  hose  valve  is  closed  including  the  undersea  valve  at 
the  PLEM.  The  hose  is  then  disconnected  from  the  ship  and 
capped  while  filled  with  oil  (they  are  drained  only  prior 
to  a storm) . For  a Sea  Island  operation  using  loading  arms, 
the  outboard  arm  is  allowed  to  drain  back  to  the  ship  before 
disconnection  takes  place;  the  inboard  arm  is  drained  to 
the  platform  slop  (drainage)  system. 

At  the  conclusion  of  cargo  transfer  to  shore  storage,  the 
facilities  are  shut  down  in  a sequence  which  ensures  that 
the  piping  system  is  "packed"  with  oil.  This  sequence  of 
valve  closing  starts  at  the  SPM's  or  loading  arms  and  finishes 
at  the  storage  tank  onshore. 

Booster  pumps,  in  parallel  operation  at  a given  station, 
if  installed,  are  shut  down  one  at  a time  as  the  flow  rate 
decreases.  Likewise,  the  meters,  in  parallel  operation, 
if  installed,  are  taken  off-line  as  the  flow  rate  decreases. 
The  onshore  facilities  are  also  shut  down  in  a similar 
sequence  and  manner.  The  final  levels  in  the  receiving 
storage  tanks  are  noted  and  the  total  quantity  computed. 

2.3  DEYELQEttENI  QF  DIAGRAMS 

2.3.1  LINE  DIAGRAMS 

The  text  of  this  report  has  been  supplemented  by  the  in- 
clusion of  a series  of  pictorial  presentations  in  the  form 
of  Line  Diagrams.  These  are  simple  one  line  diagrams,  drawn 
isometrically  for  clarity,  which  lend  themselves  to  a 
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progressive  expansion  whereby  each  succeeding  diagram  reveals 
further  detail  until  all  the  component  parts  of  the  control 
systems  appear. 

Beginning  with  the  two  basic  diagrams  (Figures  2-1  and  2-2) 
which  illustrate  the  major  component  parts  of  a Deepwater 
Port,  further  diagrams  have  been  developed  on  a sequence 
basis  which  follows  the  route  of  the  oil  from  the  tanker 
to  the  onshore  storage  facilities. 

The  major  components  of  a DWP — tanker,  offshore  facilities 
and  onshore  facilities — have  been  dealt  with  individually 
and  within  themselves  have  been  broken  down  to  show  the 
various  control  systems  involved. 

The  next  step  in  this  progression  was  to  develop  Line 
Diagrams  which  show  the  component  parts  of  each  control 
system.  At  this  stage,  it  became  possible  to  prepare 
Equipment  Staging  Diagrams  which  are  discussed  in  further 
detail  later  in  this  section. 

2.3.2  FUNCTIONAL  STAGING  DIAGRAM 

Concurrently  with  the  development  of  the  basic  line  diagrams, 
a Functional  Staging  Diagram  was  produced  (Figure  2-3) , This 
takes  the  form  of  a hierarchical  block  diagram.  The  purpose 
of  the  diagram  is  to  show  how  the  basic  requirement  to 
transfer  oil  is  broken  down  into  the  functional  details  of 
moving  oil  from  the  tanker  through  the  offshore  and  onshore 
piping  systems,  and  finally  to  the  onshore  storage  facilities. 
The  basis  upon  which  this  diagram  developed  depended  on  the 
established  operational  technique  presently  in  use  at  existing 
Deepwater  Ports.  This  takes  into  account  the  preparation 
of  the  major  component  parts  to  receive  the  oil,  the  movement 
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of  the  oil  through  them  and  the  shutdown  sequence  upon 
completion  of  the  operation.  Not  only  has  the  normal 
operational  shutdown  been  considered  but  also  the  case 
of  emergency  shut  down  where  protective  controls  come  into 
play. 

The  Communications  System,  although  not  a separate  functional 
component,  is  so  intricately  woven  into  the  fabric  of  the 
overall  operation  that  it  has  been  included  at  this  level 
rather  than  at  the  equipment  level  where  some  of  its  im- 
portance could  be  lost. 

2.3.3  EQUIPMENT  STAGING  DIAGRAMS 

These  diagrams  are  the  product  of  both  the  Line  Diagrams 
and  the  Functional  Staging  Diagram.  Each  of  the  lower 
level  functions  shown  in  Figure  2-3  head  their  own  break- 
down of  the  equipment  components  for  the  various  control 
systems  required  to  perform  those  functions. 

All  functions  and  equipment  components  are  shown  on  the 
equipment  staging  diagrams  in  a hierarchical  manner, 
such  that  all  are  identified  by  a logic  numbering  sequence 
which  is  described  and  explained  later  in  this  section. 

Appendix  A contains  the  Failure  Modes  and  Effects  Analysis 
(FMEA's)  which  lists  each  piece  of  equipment,  its  function, 
potential  failure  modes,  effects  of  failure,  reliability 
and  recommended  corrective  action. 

2.3.4  NUMBERING  SYSTEM 

The  logic  employed  in  the  numbering  system  presented  in  the 
Equipment  Staging  Diagrams  is  set  to  follow  a hierarchical 
sequence . 
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The  numbering  system  is  based  upon  utilizing  a five-digit 
number.  For  the  purposes  of  the  explanation,  the  five-digit 
number  is  represented  by  the  following  five  letters: 

A B C D E 


A is  given  the  value  one.  This  signifies  that  the  function 
is  the  import  of  oil.  A further  functional  breakdown  is 
given  by  B.  B is  numbered: 

1.  Discharge  oil  from  tanker 

2.  Move  oil  through  offshore  piping 

3.  Move  oil  through  onshore  piping 

For  example,  a number  given  the  value  12000,  can  be  under- 
stood to  be  the  import  of  oil  through  offshore  piping.  C 
is  designed  to  give  a further  functional  breakdown  of  the 
import  of  oil  through  the  tanker,  offshore  and  onshore 
systems.  C is  a number: 

1.  Line-up  system 

2 . Move  oil  through  system 

3 . Shutdown  system 

4.  Communications  system 

Now  12200  can  be  understood  as  the  moving  of  oil  through 
the  offshore  piping  system. 

D separates  C into  further  functional  categories.  These 
categories  are  too  numerous  to  list,  but  they  can  be  found 
through  study  of  the  equipment  staging  diagrams  found  later 
in  this  report.  For  example,  12240  can  be  understood  to 
mean  that  during  the  movement  of  oil  in  the  offshore  piping 
system  there  exists  a system  for  the  relief  of  pressure  surges. 
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the  offshore  piping  system. 

D separates  C into  further  functional  categories.  These 
categories  are  too  numerous  to  list,  but  they  can  be  found 
through  study  of  the  equipment  staging  diagrams  found  later 
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system  there  exists  a system  for  the  relief  of  pressure  surges. 
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Lastly,  E signifies  the  equipment  function.  For  example, 
12241  is  known  as  the  Surge  Relief  Availability  Control 
consisting  of  a valve  actuator. 

This,  in  short,  is  a summary  of  the  numbering  system  logic 
used  in  this  report. 

2.3.5  CONTROL  SYSTEM  DIAGRAMS 

The  remainder  of  this  section  contains  a graphical  represen- 
tation of  the  benchmark  control  system  which  was  developed 
for  use  in  the  Numerical  Rating  System  of  Section  3. 
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ON-SHORE 
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FIGURE  2-1,  SINGLE  POINT  MOORING  - BASIC  LINE  DIAGRAM  (10000) 


IMPORT 


FIGURE  2-3,  FUNCTIONAL  STAGING  DIAGRAM 


FIGURE  2-4,  TANKER  CONTROLS  (11000) 
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FIGURE  2-5,  LINE-UP  TANKER  VALVE  SYSTEM  - UlOO  ESD 
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FIGURE  2-6,  MOVE  OIL  THROUGH  TANKER  SYSTEM  - 11200  ESD 
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FIGURE  2-11,  LINE-UP  OFFSHORE  SYSTEM  - 12100  ESD 


FIGURE  2-12,  LOADING  UNIT  RANGE  & DRIFT  DIAGRAM  (12110) 
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FIGURE  2-13,  MOVE  OIL  THROUGH  OFFSHORE  SYSTEM  - 12200  ESD 


FIGURE  2-14,  PRESSURE  MEASUREMENT  (12211) 
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FIGURE  2-15,  FLOW  CONTROL  (12213  & 12214) 


FIGURE  2-16,  BASIC  PLATFORM  WITH  BOOSTER  PUMPS  (12200) 


FIGURE  2-17,  BOOSTER  PUMPS  CONTROLS  (12230) 
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FIGURE  2-18,  BASIC  PLATFORM  WITH  SURGE  PROTECTION  (12240) 


FIGURE  2-19,  SURGE  RELIEF  SYSTEM  (12240) 


SHUTDOWN  SIGNAL  FRO* 
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FIGURE  2-20,  BASIC  PLATFORM  WITH  METERING  (12200) 


FIGURE  2-21,  PIGGING  ARRANGEMENT  DIAGRAM 


FIGURE  2-22,  SHUTDOWN  OFFSHORE  SYSTEM  - 12300  ESD 
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FIGURE  2-25,  COMMUNICATIONS  SYSTEM  - 12400  ESD 


WIRE  CONNECTION  FROM  DEVICES  TO 

OFF-SHORE  CONTROL  CENTER  VWIRE  CONNECTION  FROM  DEVICES 


FIGURE  2-26,  COMMUNICATION  MULTIPLEX  (12400) 


WIRE  CONNECTION  FROM  DEVICES  TO 
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FIGURE  2-27,  COMMUNICATIONS  DIRECT  WIRE  (12400) 


FIGURE  2-28,  BASIC  ON-SHORE  FACILITIES  (13000) 
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FIGURE  2-29,  LINE-UP  ONSHORE  SYSTEM  - 13100  ESD 
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FIGURE  2-33,  BASIC  ONSHORE  FACILITIES  WITH  BOOSTER  PUMPS  (13200) 


FIGURE  2-34,  BASIC  ONSHORE  FACILITIES  WITH  METERING  (13200) 


FIGURE  2-35,  BASIC  ONSHORE  FACILITIES  WITH  SURGE  PROTECTION  (13200) 
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FIGURE  2-36,  SHUTDOWN  ONSHORE  SYSTEM  - 13300  ESD 


3.0 

NUMERICAL  RATING  SYSTEM 


3.1  INTRODUCTION 

In  any  rating  system,  there  exists  a blend  of  subjective 
judgment  and  objective  performance.  Rating  systems  which 
crank  out  a single  number  lack  "real  world"  assumptions, 
and  decisions  based  purely  on  "experience"  lack  completely 
objective  information.  Ideally,  decisions  or  ranking  of 
selections  should  be  made  with  all  information  being  ob- 
jective. However,  this  is  not  always  possible. 

The  system  described  here  is  one  which  utilizes  the  ob- 
jective reliability  and  failure  effects  data’ and  tempers 
it  with  the  professional  judgment  of  the  design  reviewer. 
This  is  the  philosophy  that  flows  through  this  entire 
document.  Probabilities  of  failure,  spill  risks,  fault 
trees,  etc.,  are  presented,  but  so  also  are  discussions 
of  applicability,  design  criteria,  applied  engineering 
principles,  and  actual  operating  experience. 

This  section  is  an  extension  of  the  previous  sections  - 
the  design  reviewer  will  draw  upon  the  concepts  and 
criteria  presented  in  them  to  describe  the  system  he  is 
evaluating  and  to  numerically  rate  this  proposed  system 
against  a benchmark  system.  In  order  to  do  this,  the 
functional  to  equipment  structuring  of  the  Equipment 
Staging  Diagram  must  be  consolidated  to  a purely  equip- 
ment/element oriented  network.  Table  3-1  depicts  this 
network  through  the  element  level.  Table  3-2  maps  the 
consolidated  network  to  the  ESD.  For  definition  pur- 
poses, an  element  is  a functional  grouping  of  equipments. 
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TABLE  3-1.  EWP  ELEMENT  HIERARCHY 


Puaps 

• Piping 

• Valves 

Valves 

• Valves 

• Tanks 

Tanks 

• Sampling 

• Booster  Pimps 

Piping 

• Booster  Punps 

• Surge  Relief 

System 

Emergency  Shutdown 
System 

• Surge  Relief 

System 

• Drain  and  Slops 
System 

Corimunications 

• Drain  and  Slops 

System 

• Emergency  Shutdown 
System 

• Emergency  Shutdown 

System 

• Corrmuni  cat  ions 
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DESIGN  ADEQUACY 


The  design  adequacy  is  the  measure  of  the  suitability  of  a 
Deepwater  Port  to  perform  its  functions  safely.  It  is  in- 
tended to  serve  as  a guideline  in  the  review  of  any  DWP. 

The  evaluation  of  any  proposed  DWP  should  include  an  exam- 
ination of  the  plans  of  the  facility  to  insure  that  the 
proper  amount  of  control  equipment  is  installed.  Otherwise, 
a lack  of  certain  control  equipment  could  result  in  a higher 
probability  of  failure,  and  a greater  risk  of  an  oil  spill. 

A checklist  has  been  developed  to  serve  as  a guideline  in 
the  evaluation  of  the  control  system  design  of  any  proposed 
DWP.  First,  it  is  important  that  all  pertinent  design  ma- 
terial be  gathered.  This  includes  studying  preliminary 
schematics,  design  drawings,  equipment  lists,  and  direct 
feedback  from  the  DWP  applicants. 

A considerable  amount  of  time  can  be  spent  in  searching 
through  the  preliminary  design  material  for  those  pieces 
of  equipment  that  operate  as  a control  function,  and 
secondly,  determining  the  exact  number  of  like  equipment. 

In  this  report,  descriptions  of  DWP  control  equipment  in- 
clude design  criteria,  catalog  cuts,  reliability,  effects 
of  failure,  spill  risk,  procedural  alternatives,  and 
maintenance  information.  A general  understanding  of  DWP 
control  equipment  can  be  gained  by  reading  Section  2.0 
and  Appendix  E. 

In  an  effort  to  preserve  procedural  clarity,  one  element 
in  the  DWP  control  system  is  provided  as  an  example.  The 
element  is  the  Offshore  Surge  Relief  System,  as  taken 
from  Table  3-1.  The  following  is  the  step-by-step  pro- 
cedure upon  which  all  control  elements  of  a DWP  should  be 
evaluated. 
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This  includes  the  examination  of  drawings,  equipment  lists, 
and  applicant  sources.  The  material  written  in  Section  2.0 
and  Appendix  E on  DWP  equipment  should  also  be  reviewed. 


This  list  should  include  all  equipment  considered  essential 
in  controlling  the  transfer  of  oil  in  Deepwater  Ports.  The 
design  reviewer  can  use  the  ESD's  of  Section  2.0  to  con- 
struct a checklist  for  all  or  part  of  the  system  in  question 


Compare  proposed  element  equipment  against  those 


The  typed  portion  of  Table  3-3  is  constructed  from  Figure 

2- 13.  (Scanning  the  related  figure  will  acquaint  the 

reviewer  with  the  Offshore  Surge  Relief  Equipment  usually 
found  on  a typical  DWP.)  By  comparing  the  checklist  with 
the  material  gathered  in  step  number  one,  it  is  possible 
to  see  if  the  proposed  element  has  an  adequate  amount  of 
control  equipment.  It  may  have  extra  pieces  of  equipment 
and  these  should  be  entered  under  the  element  heading. 
Each  piece  of  proposed  control  equipment  is  checked 
against  the  typical  DWP  equipment  list  as  shown  in  Table 

3- 3.  In  an  actual  review,  the  handwritten  information  in 
Table  3-3  would  be  extracted  from  a DWP  applicant's  pro- 
posed design  and  compared  with  the  Design  Adequacy  Check- 
list . 


TABLE  3-3 


DESIGN  ADEQUACY  CHECKLIST 


OFFSHORE 


DWP  -X~  EVALUATOR 


EOUiPMENT 

t 

COMMENTS 

• SURGE  RELIEF  SYSTEM 

12240 

■HI 

■M 

| 

12241 

SURGE  RELIEF 
AVAILABILITY  CONTROL 

Valve  Actuator 
12241/01 

t/ 

Qto, 

12242 

SURGE  RELIEF 
AVAILABILITY 

TDNITOR 

Level  Switch 
12242/01 

/ 

(fifths 

Alarm  - High 
12242/02 

Alarm  - Low 

12242/03 

/ 

(9njL 

12243 

RELIEF  VALVE 
PRESSURIZATION 
MEDIUM  MONITOR 

Pressure  Indicator 
12243/01 

L 
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reliability/failure  effects  rating 


Once  the  design  reviewer  determines  that  a complete  control 
system  is  proposed,  through  the  use  of  the  Design  Adequacy 
Procedure  described  above,  the  system  can  then  be  rated 
numerically. 

Figure  3-1  contains  the  fault  tree  for  the  Surge  Relief 
System.  Appendix  B contains  the  fault  trees  for  all  of 
the  individual  elements  of  the  oil  transfer  control  system 
identified  in  Table  3-1.  These  fault  trees  will  be  needed 
in  the  execution  of  the  numerical  rating  system.  Addition- 
ally, Appendix  B gives  the  reader  background  information  on 
fault  tree  methodology. 

3.3.2  NUMERICAL  RATING  SYSTEM  PROCEDURE 

The  rating  system  is  sti  ;ctured  around  the  combination  of 
a Reliability  rating  and  a Failure  Effects  rating.  These 
ratings  will  enable  the  professional  design  reviewer  to 
make  an  informed  decision  on  the  acceptability  of  the  ap- 
plicant's design.  The  procedure  builds  upon  previous 
sections  in  this  report  and  is  accomplished  in  five  major 
steps.  These  steps  are  presented  in  this  section  and  their 
use  is  illustrated  in  the  continuation  of  the  example  of 
the  Surge  Relief  System. 


Step  1 - Pill  out  an  Element  Re 1 iabi 1 i ty /Effect s rating 
sheet  for  each  element  in  the  proposed  system 
Columns  (1-7)  


Table  3.4  is  an  example  of  the  Element  Reliability/Effects 
rating  sheet  partially  filled  out  for  the  Offshore  Surge 
Relief  System  Element. 


By  walking  through  the  first  seven  columns  of  the  table  as 
follows,  a more  complete  picture  of  the  numerical  rating 
system  can  now  be  realized: 


l 

1 


Column  (1)  should  list  all  equipment  found  in  the  particular 
element.  These  equipment  are  readily  transcribed  from  the 
Design  Adequacy  Checklist  previously  constructed. 

Column  (2)  lists  the  Equipment  Probability  of  Failure  which 
is  obtained  through  the  use  of  the  Failure  Modes  and  Effects 
Analysis  (FMEA)  Summary  in  Appendix  A.  The  Probability  of 
Failure  is  calculated  as  (1-e  f where  MBTF  is  ob- 

tained in  Appendix  C.  For  large  MBTF,  on  the  order  of 
10,000  barrels  or  more,  the  Probability  of  Failure  can  be 
closely  approximated  by  the  reciprocal  of  the  MBTF,  i.e., 

1 

MBTF. 

Column  (3)  lists  the  benchmark  Equipment  Probability  of 

-12 

Failure  which  is  always  10  . This  probability  is  assumed 

to  be  as  close  to  the  perfect  piece  of  equipment  as  can 
reasonably  be  expected. 

Column  (4)  lists  the  Effects  Weighting  Factors  obtained 
from  Table  3-5,  the  Effects  Weighting  Factor  Worksheet 
(taken  from  Appendix  D) . This  worksheet  is  filled  out  for 
the  Surge  Relief  System  identified  in  this  report  with 
space  for  additional  equipment.  It  should  be  noted  that 
the  weights  given  to  the  various  effects  may  be  changed 
by  the  design  reviewer  to  highlight  current  concerns  for 
a particular  effect.  Table  3-6  contains  the  legend  for 
the  various  effects  categories  and  the  weights  given  to 
these  effects  by  the  study  team. 
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Column  (5)  lists  the  Effects  Weighting  Factor  Fraction 
which  is  computed  by  dividing  each  individual  Effects 
Weighting  Factor  in  Column  (4)  by  the  Sum  of  the  Effects 
Weighting  Factors  C^Fi)  (bottom  of  Column  [4]).  This 
procedure  normalizes  the  effects  within  the  element. 

Column  (6)  lists  the  Effects  Weighted  Probability  of  Failure 
which  is  calculated  by  multiplying,  for  each  equipment,  the 
Equipment  Probability  of  Failure  (2)  by  the  Effects  Weighting 
Factor  Fraction  (5) . 

Column  (7)  lists  the  Benchmark  Effects  Weighted  Probability 
of  Failure  which  is  calculated  by  multiplying,  for  each 
equipment,  the  Benchmark  Equipment  Probability  of  Failure 
(3)  by  the  Effects  Weighting  Factor  Fraction  (5). 

Step  2 ~ Calculate  the  Element  Effects  Weighted  Probability 
of  Failure,  Line  (8)  ■ 

Line  (8)  lists  the  Element  Effects  Weighted  Probability  of 
Failure  which  is  calculated  from  the  applicable  element 
fault  tree  found  in  Appendix  B.  In  this  instance,  Figure 
3-1  is  the  element  fault  tree  for  the  Surge  Relief  System. 
Using  the  equation  given  in  Figure  3-1,  and  inserting  the 
appropriate  Effects  Weighted  Probability  of  Failure  for 
each  piece  of  equipment  in  the  fault  tree,  it  is  possible 
to  calculate  the  Element  Effects  Weighted  Probability  of 
Failure . 


Step  3 - Calculate  the  Benchmark  Element  Effects  Weighted 
Probability  of  Failure,  Line  (») 
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Line  (9)  lists  the  Benchmark  Element  Effects  Weighted 
Probability  of  Failure  which  is  calculated  from  the  ap- 
plicable element  fault  tree  found  in  Appendix  B.  Again, 
using  the  equation  in  Figure  3-1,  and  inserting  the  Bench- 
mark Effects  Weighted  Probability  of  Failure  for  each  piece 
of  equipment,  it  is  possible  to  arrive  at  the  Benchmark 
Element  Effects  Weighted  Probability  of  Failure  as  shown 
in  Table  3-4. 

Note  that  at  the  equipment  level,  there  will  be  the  need  to 
recalculate  the  Effects  Weighted  Probability  of  Failure  if 
there  is  more  than  one  piece "of  a particular  equipment  in 
the  proposed  system.  The  procedure  is  the  same  as  that 
prescribed  in  Step  1 above,  once  the  applicable  series/ 
parallel  arrangement  is  determined  and  the  Equipment  Prob- 
ability of  Failure  is  recalculated. 


For  the  Surge  Relief  System,  there  are  five  pressure  con- 
trol valves  in  series  ("or"  gate)  and  six  pressure  in- 
dicators also  in  series.  Since  these  equipments  are  in 
series,  their  probability  of  failure  is  calculated  by  re- 
ferring to  Appendix  B.  The  recalculated  Equipment  Prob- 
ability of  Failure  for  the  pressure  indicators  is  then: 


1-  (e 


1x10 


1x10 


1x10 


1x10 


1x10 


1x10 


) = 1-e 


6x10 


or  6x10  . This  means  that  the  pressure  indicators  have 

a very  good  probability  of  not  failing.  It  also  means 
that  their  reliability  rating  will  approach  one.  They  will 
never  equal  one,  because  no  piece  of  equipment  can  be  con- 
sidered 100  percent  reliable.  Likewise  for  the  pressure 
control  valves,  their  probability  of  failure  is: 
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P ( f a i lure)  = A . (B  + C + D)  . E . (F  + G + H) 


Figure  3-1.  Surge  Relief  System  Fault  Tree 
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NORMALIZED  ELEMENT  RELIABILITY  FATING  1-  («) 


RELIABILITY  RATING 


OFFSHORE  EQUHNENT 


fid  Id  |d 

gft  gfc  gfc 


NUMBER 


EFFECTS  WEIGHTING 


/01  Temperature  Indica 
Flow  Rate  Monitor 


/01  Measuring  Device 

- Orifice  Plate 

- Sonic  Meter 

- P/D  Meter 

- Turbine  Meter 

/02  Flow  Transmitter 


/03  Flow  Indicator 
Flow  Rate  Controller 


/01  Flew  Regulator 

/02  Control  Valve 
Activator 

/ 03  Limit  Switches 


EQUIPMENT 

FAILURE 

EFFECTS 

WEIGHTING 

FACTOR 


/01  Valve  Actuator  10 


TABLE  3-5.  EFFECTS  WEIGHTING  FACTOR  WOFKSHEET 

(Continued) 


0 

M 

1 

a 

OFFSHORE  EQUIPMENT 

MAJOR 

SPILL 

MELIlli 

SPILL 

MINOR 

SPILL 

CATASTRl 

HAZARD 

CRITICA 

HAZARD 

NEGLIGI 

HAZARD 

F. 

l 

EQUTPMENT 

FAILURE 

EFFECTS 

NUMBER 

NAME 

A 

B 

C 

D 

E 

a 

B 

H 

m 

WEIGHING 

FACTOR 

EFFECTS  WEIGHTING 

8 

10 

9 

3 

5 

m 

SUMMATION 

12242 

Surge  Relief  Avail- 
ability  Monitor 

/01  Level  Switch 

i 

5 

6 

/02  Alarm  - High 

i 

5 

6 

/03  Alarm  - Low 

i 

1 

12243 

Relief  Valve 
Pressurization 

Medium  Monitor 

• 

/01  Pressure  Indicator 

i 

1 

/ 02  Pressure  Switch 

7 

7 

/ 03  Alarm  - Low 

7 

7 

12244 

Relief  Valve 
Pressurization 

Medium  Controller 

/01  Pressure  Control 
Valves 

8 

7 

15 

• DRAIN  & SLOPS 
HANDLING 

12331 

Drain  Tank  Level 
Monitor 

/01  Level  Switch 

9 

9 

/02  Alarm 

8 

8 

TABLE  3-6.  FAILURE  EFFECTS  WEIGHTING  FACTORS 


WEIGHTING  FACTOR  FOR 
DETRIMENTAL  EFFECT  OF 
CONTROL  COMPONENT 
FAILURE  ON  THE  IMPORT 


FAILURE  EFFECTS  OF  OIL 

A.  Major  oil  spill  10 

B.  Ifedium  oil  spill  9 

C.  Minor  oil  spill  8 

D.  Catastrophic  hazard  level  10 

E.  Critical  hazard  level  9 

F.  Marginal  hazard  level  7 

G.  Negligible  hazard  level  1 

H.  Long  delay  5 

I.  Short  delay  3 


Definitions  of  Failure  Effects 

A.  will  release  more  than  100,000  gallons  of  oil  ^ 

B.  will  release  between  10,000  to  100,000  gallons  of  oil  2 

C.  will  release  less  than  10,000  gallons  of  oil  1 

2 

D.  will  cause  death  or  severe  injury  to  personnel,  or  system  loss 

E.  will  cause  personnel  injury  or  major  system  damage,  or  will  require 

2 

immediate  corrective  action  for  personnel  or  system  survival 

F.  can  be  counteracted  or  controlled  without  injury  to  personnel  or 
major  system  damage  2 

2 

G.  will  not  result  in  personnel  injury  or  system  damage 

H.  will  delay  the  import  of  oil  by  more  than  1 hour 

I.  will  delay  the  import  of  oil  by  less  than  1 hour 

Reference  1 
2 

Reference  3 
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, 1x10  10  1x10  10  lxlO-10  lxlO-10  lxlO-10 . 

1- (e  . e . e . e . e ) 


= 1-e 


5x10 


-10 


or  5xl0-^.  The  new  Effects  Weighted  Probability  of  Failure 
is  then  9.0x10  '*'4  and  1.12x10  ^ respectively.  These  values 
are  entered  as  shown  in  Table  3-7.  Substituting  the  Effects 
Weighted  Probability  of  Failure  into  the  applicable  Failure 
equation  in  Figure  3-1,  we  get: 

P (Failure)  = (1.12xl0-10)  . (9_.0xl0-14  + 9. OxlO-14  + 

1.5xl0-14)  . 3.58xl0-9  , ( 9 , OxlO-14  + 

1 . 04xl0~ 13  + 1.04xl0_13) 

-44 

= 2.33x10  as  the  Element  Effects  Probability 
of  Failure. 


Similarly,  the  Benchmark  Element  Effects  Weighted  Probability 
of  Failure  is  calculated  by  substituting  the  Benchmark 
Effects  Weighted  Probability  of  Failure  into  the  same 
Element  Probability  Equation  in  Figure  3-1  as  done  in  the 
calculations  above. 

P (Failure)  = (1.04xl0-12)  . (9. OxlO-14  + 9. OxlO-14  + 

1 . 5xl0-14 ) x ( 3 . 58xl0-13 ) x (9. OxlO-14  + 

1 . 04xl0-13  + 1 . 12xl0-12 ) 

= 9.54x10  as  the  Benchmark  Effects  Probability 
of  Failure 
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TABLE  3-7.  ELEMENT/RELIABILITY/EFFECTS  RATING  SHEET 


'KRMALIZED  QJJOrr  RELIABILITY  RATIHT. 


RUMCttRK  EEKIE.T  EFFECTS  WEIGHTED  PKDBABILITY  Or  FA  I II 'RE  SO 


Btmp  4 - Calculate  the  Normalized  Element  Reliability 


Once  the  Element  Effects  Weighted  Probability  of  Failure 
(Step  2) , and  the  Benchmark  Element  Effects  Weighted 
Probability  of  Failure  (Step  3)  are  calculated,  the 
Normalized  Element  Reliability  Rating  can  be  calculated 
by  the  expression: 

l-(Step  3 r Step  2) 

or  } = Normalized  Element  Reliability  Rating 

l-(Line  9 * Line  8) 

« 

For  example,  it  is  now  possible  to  calculate  the  Normalized 
Element  Reliability  Rating  for  the  Surge  Relief  Systems  as 
follows : 

_er>  -44 

l-(9. 54x10  r 2.33x10  ) = .999  is  the  Surge  Relief 

System's  Reliability  Rating. 

This  same  procedure  is  utilized  for  all  the  control  equip- 
ment elements  found  in  a Deepwater  Port. 

Step  5 ~ Compare  the  Element  Effects  Weighted  Probability 
of  Failure  with  the  Benchmark  Element  Effects 
Weighted  Probability  of  Failure  

This  comparison  is  intended  to  be  a relative  one.  As  more 
Deepwater  Ports  are  reviewed  and  their  performance  documented, 
the  design  reviewer  will  be  able  to  establish  a more  defin- 
itive benchmark  system.  In  the  interim,  the  system,  as 
mentioned  in  Step  3,  should  be  considered  the  benchmark 
system. 
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JL  - Calculate  the  Control  System  Effects  Weighted 
Probability  of  Failure 


Once  the  Element  Effects  Weighted  Probability  of  Failure 
is  calculated  for  all  elements,  the  Control  System  Effects 
Weighted  Probability  of  Failure  is  readily  calculated. 
Because  of  the  definition  of  the  Elements,  their  relation- 
ship for  reliability  purpose  is  in  series.  Thus,  the 
Control  System  Effects  Weighted  Probability  of  Failure  is 
the  product  of  all  the  Element  Effects  Weighted  Prob- 
abilities of  Failure. 
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FAILURE  MODES  AND  EFFECTS  ANALYSIS 

(fmea) 


NOTE 


Mean  Barrels  to  Failure  figures  were  obtained  from  actual 
DWP  operational  statistics  from  two  DWP's  in  the  Carribean. 
These  figures  are  identified  by  an  asterisk  (*)  . The  re- 
maining MBTF  are  estimates  based  on  failure  rates  for 
similar  equipment  found  in  the  WASH-1400  report.  Since 
the  failure  rates  were  based  on  time  of  operation  or  cycles 
and  were  converted  to  Barrels  of  oil  throughput  on  en- 
gineering judgment  and  DWP  volumes,  there  remains  uncer- 
tainty as  to  the  accuracy  of  these  particular  MBTFs . As 
more  actual  data  are  gathered,  these  data  should  be  updated. 
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APPENDIX  B 

RELIABILITY/FAULT  TREE  PROCEDURES 


The  fault  tree  is  a comprehensive  description  of  system 
failure  possibilities  expressed  in  symbolic  form.  The 
corresponding  failure  probabilities  can  be  be  evaluated  if  a 
basic  set  of  failure-rate  data  is  available  and  if  a set  of 
Boolean  algebraic  equations  can  be  written  to  describe  the 
symbolic  failure  relationships  shown  on  the  fault  tree 
diagram.  The  data  are  then  substituted  in  the  ordinary 
algebraic  equations  that  correspond  to  the  failure  relation- 
ships to  provide  a resultant  numerical  prediction. 

To  illustrate  this  procedure,  a fault  event  will  be  developed 
by  tracing  the  following  major  steps  in  the  predictive  tech- 
nique. 

• Fault  tree  diagram 

• Equivalent  algebraic  equations 

• Input  data  source 

• Prediction  results 

The  example  will  be  taken  from  the  Surge  Relief  System.  The 
two  basic  operations  in  the  fault  tree  are  the  "and"  gate 
and  the  "or"  gate.  The  Surge  Relief  System  will  fail  only  if 
the  Surge  Relief  Availability  Control  fails  and  the  Surge 
Relief  Availability  Monitor  fails,  and  the  Relief  Valve 
Pressurization  Medium  Controller  fails.  All  events  under 
an  "and"  gate  must  fail  before  the  event  above  the  gate  is 


FIGURE  B-l  "AND"  GATE  EXAMPLE 


B-l 


The  probability  of  the  Surge  Relief  System  failing  is: 


P (Surge  Relief 

System  Failure)  = P (Surge  Relief  Availability  Control 

Failure)  • 

P (Surge  Relief  Availiability  Monitor 
Failure)  • 

P (Relief  Valve  Pressurization  Medium 
Monitor  Failure)  • 

P (Relief  Valve  Pressurization  Medium 
Controller  Failure) 

On  the  other  hand.  Figure  B-2  is  an  example  of  an  "or"  gate. 
The  Surge  Relief  Availiability  Monitor  will  fail  if  the  Level 
Switch  fails  or  the  High  Level  Alarm  fails.  .Any  event  which 
fails  under  an  "or"  gate  will  cause  the  event  above  the  gate 


FIGURE  B-2  "OR"  GATE  EXAMPLE 


The  probability  of  the  Surge  Relief  Availability  Monitor 
failing  is: 

P (Surge  Relief  Availability  Monitor  Failure) 

= P (Level  Switch  Failure)  + P (High  Level  Alarm) 

The  above  equations  are  useful  approximations  for  the  specific 

DWP  applications  where  the  exponential  distribution  is 

assumed  to  approximate  equipment  failure  and  the  failure  rates 
-4 
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APPENDIX  E 

EQUIPMENT  DESCRIPTION 


E-l  INTRODUCTION 

Generally  speaking,  the  term  "Control  System"  implies  the 
means  required  to  operate  automatically  an  assemblage  of 
devices  and  equipment  that  will  perform  some  desirable  func- 
tion and  produce  some  desired  result  with  a minimum  of  human 
intervention. 

The  control-mode,  that  is,  the  type  of  control  action  which 
the  controller  takes  in  directing  the  final  controlling  de- 
vice, may  vary  from  simple  on-off  action  to  the  more  complex 
proportional  - plus  - integral  action.  Table  E-l  shows  the 
various  control  modes  as  applied  in  general  process  control 
and  as  applied  specifically  to  Deepwater  Ports. 

The  interaction  of  control  systems  within  a DWP  must  be  care- 
fully considered.  For  instance,  an  automatic  flow  control 
system  on  a platform  complex  would  interact  with  the  tanker 
pump  controls.  If  the  pump  controls  include  pressure  or 
flow  control  loops,  then  the  platform  flow  control  will  act 
as  a master  controller,  effectively  changing  the  rate  of 
pumping;  however,  time  lags  through  long  submarine  pipelines 
may  make  this  type  of  control  undesirable.  On  the  other 
hand,  if  the  pump  relies  on  manual  adjustment  to  change  the 
rate  of  flow,  then  the  flow  controller  could  control  the 
pumps  on  an  on-off  basis  through  its  protective  devices, 
which  is,  again,  undesirable.  It  can  be  assumed  that  if  the 
type  of  pump  control  on  board  tankers  cannot  be  determined, 
then  the  interaction  with  the  flow  control  on  the  platform 
complex  should  be  studied.  Flow  control,  which  is  an  inte- 
gral part  of  the  controls  of  a booster  pumping  station,  would 
not  directly  interact  with  the  ship's  pumps. 


E-l.l 


CONTROL  MODE  REACTION  TIME  GENERAL  APPLICATION  DWP  APPLICATION 
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TABLE  E-l.  CONTROL  MODES  VS.  APPLICATION 


E-l.l 


VARIABLES 


The  process  variables  to  be  measured  and  controlled  on  a 
Deepwater  Port  complex  are: 


• Pressure 

• Flow 

• Level 

• Temperature 


These  variables  and  the  basic  methods  employed  in  their 
measurement  and  control  are  the  subject  of  the  following 
discussions . 


PRESSURE 


Pressure  is  the  most  commonly  measured  variable  on  a DWP 
oil  transfer  system.  Gauges  are  located  on  the  pipelines 
wherever  it  is  considered  an  assistance  to  the  operators, 
i.e.,  pump  suction  and  discharge  piping,  the  piping  at  the 
base  of  loading  arms,  sections  of  piping  which  can  be  sub- 
ject to  thermally  induced  pressure  increases,  adjacent  to 
pressure  switches  and  transmitters,  adjacent  to  pressure 
regulators,  and  monitoring  auxiliary  compressed  gas  supplies. 

Pressure  indication,  whether  it  be  by  gaugsson  the  pipeline 
or  by  remote  indicator  or  alarm,  tells  the  operating  per- 
sonnel what  is  going  on  inside  the  piping  systems.  Examples 
of  this  are: 

• The  operation  of  remote  pumping  systems 

• Whether  control  systems,  such  as  flow  and  pressure 
regulators,  are  working  correctly 
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• Whether  other  instruments,  such  as  pressure  trans- 
mitters and  switches,  are  working  correctly 

• The  level  of  oil  in  loading  arm  risers 

• The  correct  setting  of  thermal  and  other  relief  sys- 
tems 

The  most  common  method  of  determining  the  system  pressure 
is  by  Pressure  Gauge  or  Indicator  mounted  on  the  pipeline. 
Remote  pressure  indication  employs  a transmitter  which  is 
also  connected  directly  to  the  pipeline  and  functions  simi- 
larly to  the  gauge.  Pressure  switches,  which  initiate  re- 
mote alarms,  are  also  mounted  and  function  similarly  to  the 
gauge.  Section  E-1.2  describes  the  principles  and  opera- 
tion of  these  instruments. 


FLOW 


The  measurement  and  control  of  flow  rates  through  a DWP  are 
necessary,  not  only  for  determining  quantities,  but  also 
because  of  the  design  limitations  of  other  equipment  and 
facilities  built  into  the  oil  transfer  system.  The  veloci- 
ties through  hoses  and  loading  arms  are  restricted,  due  in 
part  to  the  vibration  at  excessive  flow  rates.  The  filling 
rates  of  fixed  or  floating  roof  tanks  are  restricted  by  the 
physical  rate  of  tank  venting  or  roof  travel.  The  accuracy 
of  flow  metering  is  reduced  if  flow  rates  move  outside  re- 
commended ranges. 

Flow  rate  measurements  are  readily  converted  into  totalized 
quantities  and  can,  therefore,  be  used  as  accurate  measure- 
ments for  custory  transfer  or  leak  detection  by  differential 
flow  measurement. 
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Various  well  proven  methods  of  flow  measurement  are  avail- 
able although  some,  such  as  variable-area,  electromagnetic 
and  vortex  meters,  or  open  weirs  and  flumes,  are  not  suit- 
able for  the  high  throughputs  and  large  pipeline  sizes  of 
a DWP. 

Table  E-2  shows  the  various  types,  ranges  and  applications 
of  those  methods  employed  on  DWPs.  A more  detailed  discus- 
sion on  metering  appears  later  in  this  Appendix. 

LEVEL 


Essentially,  the  moving  of  crude  oil  through  a Deepwater 
Port  facility  is  the  transfer  of  oil  from  one  storage  to 
another.  Level  measurements,  therefore,  become  very  impor- 
tant on  the  discharging  tanker  and  at  the  onshore  tank  farm. 

A variety  of  methods  for  continuous  level  measurement  are 
in  use  today  which  range  from  the  simple  float  and  tape  to 
a system  employing  nuclear  radiation.  Each  has  its  own  ad- 
vantages and  limitations.  Table  E-3  presents  these  together 
with  ranges  and  accuracies. 

The  systems  commonly  used  on  oil  tankers  are  the  float  and 
tape,  gas  bubbler,  capacitance  and  resistance  types.  Nor- 
mally, at  least  two  level  systems  of  different  types  are 
installed  to  provide  redundancy  for  safety. 

The  float  and  tape  system  is  the  most  commonly  used  method 
in  the  onshore  storage  tanks.  This  method  has  the  advantage 
of  good  accuracy  and  proven  performance  over  a number  of 
years . 

For  point  detection  of  liquid  levels,  the  mechanical  float 
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TABLE  E-3.  LEVEL  MEASURING  SYSTEMS 


arm  level  switch  is  installed  which  is  readily  adaptable 
to  external  mounting  on  the  shells  of  floating  roof  tanks. 

TEMPERATURE 


Temperature  measurements  of  the  crude  oil  in  a DWP  are  rela- 
tively unimportant  unless  quantity  measurements  for  custody 
transfer  or  leak  detection  take  place. 

Metering  stations  measuring  precise  quantities  have  to  take 
into  account  thermal  changes  and  apply  temperature  correction 
factors  to  the  measured  volumes.  This  is  done  by  means  of 
automatic  temperature  compensating  devices  employing  a resis- 
tance type  temperature  measuring  probe. 

Where  temperature  corrections  are  applied  to  onshore  storage 
tank  quantities,  average  temperature  must  be  measured. 
Usually,  a series  of  thermocouples  are  used  which  are  con- 
nected to  give  an  average  reading.  These  can  be  installed 
around  the  tank  perifery  or,  for  tanks  with  floating  roofs, 
it  is  more  common  to  install  a vertical  bundle  of  thermo- 
couples which  pass  through  the  roof  and  which  average  the 
temperatures  at  various  levels. 

E-1.2  CONTROL  SYSTEMS  COMPONENTS 


The  following  is  a general  description  of  the  component 
parts  which  make  up  control  systems  as  shown  in  the 
following  diagram.  Only  those  components  found  on 
Deepwater  Forts  have  been  considered. 


RECEIVERS 


ALARMS 


INDICATORS  TRANSMITTERS  SWITCHES 


PRIMARY 

VARIABLE 


PRIMARY 

ELEMENT 


REGULATOR 


CONTROL  SYSTEM  COMPONENTS 

PRIMARY  ELEMENT 

This  is  a device  that  detects  or  senses  the  value  or  change 
of  value  of  the  variable  being  measured;  in  other  words,  it 
is  the  first  link  in  the  measurement  - control  system  chain, 

The  following  are  primary  elements  grouped  by  process  vari- 
able : 

• Pressure  Measurement: 

The  primary  elements  for  pressure  measurement 
include  the  Bourdon  Tube,  Bellows  or  Diaphragm, 
all  of  which  translate  pressure  into  physical 
movement  and  can  be  used  in  any  pressure  measur- 
ing instrument  whether  it  be  a pressure  gauge, 
transmitter  or  switch.  Refer  to  Table  E-4  for 
comparison. 

The  principle  of  operation  is  the  elastic  pro- 
perties of  the  element  which  changes  shape  as 
pressure  is  applied  internally.  The  resulting 
movement  is  amplified  through  linkage  and  gears 
to  an  indicating  pointer  or  signal-producing 
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device.  The  material  used  in  the  manufacture 
of  these  elements  is  varied.  The  most  commonly 
used  material  on  DWPs  is  316  stainless  steel 
which  has  good  corrosion  resisting  properties  in 
a marine  environment. 

Flow  Measurement; 

1.  Orifice  Plate 

An  Orifice  Plate  is  a circular  plate  with  a round 
hole  in  the  center  which  is  clamped  in  the  pipe- 
line between  flanges.  These  flanges  are  drilled 
and  tapped  so  that  the  pressure  on  each  side  of 
the  plate  can  be  sensed  by  a differential  pressure 
measuring  instrument.  During  flow  conditions,  the 
restriction  of  the  orifice  causes  a pressure  loss. 
This  loss,  measured  as  the  difference  between  the 
upstream  and  dovrnstream  pressures,  is  proportional 
to  the  square  root  of  the  flow  rate. 

2 . Positive  Displacement  (PD)  Meter  Rotor 

This  method  of  accurate  flow  quantity  measurement 
employs  the  principle  of  a rotating  mechanism 
having  cavities  of  known  volume.  The  flowing 
liquid  rotates  the  meter  which  moves  known  vol- 
umes in  the  cavities  from  one  side  to  the  other. 
Each  rotation  transfers  a measured  quantity  of 
liquid,  therefore,  the  number  of  revolutions  is 
a positive  indication  of  the  volume  passed. 

3.  Turbine  Meter  Impeller 


Just  as  accurate  as  the  PD  Meter , the  Turbine 
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Meter  requires  less  space  and  can  handle  greater 
f low  rates.  The  impeller  mounted  inside  a short 
length  of  machined  pipe  is  free  to  rotate  on 
bearings.  The  flowing  liquid  impinging  on  the 
impeller  blades  causes  it  to  turn.  A steady  ro- 
tational speed  is  proportional  to  the  liquid  velo- 
city - hence,  the  volume  flow  rate. 

4 . Pall  Tube 

This  device  employs  the  same  principle  of  differ- 
ential pressure  measurement  across  a restriction 
in  the  pipeline  as  the  Orifice  Plate.  The  Dali 
Tube  is  much  longer  than  the  Orifice  Plate  but 
causes  less  permanent  pressure  loss. 

5 . Sonic  Meters 

Two  probes  are  required  in  this  type  of  flow 
measurement  which  uses  the  principle  of  variation 
in  the  speed  of  sound  in  a liquid  which  is  pro- 
portional to  variations  in  the  velocity  of  that 
liquid.  This  is  a recently  developed  technique 
which  has  the  limitation  of  being  affected  by 
density  changes  in  the  flowing  liquid. 

The  two  probes,  mounted  diametrically  opposite 
one  another  in  the  pipeline,  are  subject  to  ero- 
sion from  solids  in  suspension. 

Level  Measurement: 

1 . Float  and  Tape 

Liquid  level  in  high-rise  tanks,  including  ship's 
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tanks  can  be  measured  to  better  than  ±1/8"  with 
a float  and  tape  arrangement.  The  float,  usually 
made  from  a material  such  as  316  stainless  steel, 
which  is  impervious  to  crude  oils  and  a marine 
environment,  travels  inside  a "still  well"  or 
perforated  vertical  pipe  which  protects  the  float 
from  any  disturbances  in  the  tank.  It  is  impor- 
tant that  the  specific  gravity  of  the  float  is 
not  changed  by  the  accumulation  of  debris  or 
sludge;  this  will  have  an  adverse  affect  on  the 
accuracy  of  level  readings. 

2 . Float  and  Arm 

The  application  of  this  type  of  level  measuring 
element  is  generally  confined  to  point  indication 
of  liquid  levels  for  alarm  initiation.  Several 
principles  of  design  are  available,  all  of  which 
achieve  the  basic  requirement  of  transmitting  the 
float  movement  to  a switching  device  through  some 
sort  of  sealing  barrier.  The  most  common  types 
are  those  which  employ  the  following  methods: 
tube/rod  arms,  magnet  and  follower  and  bellows. 

a.  The  tube/rod  arrangement  has  a rod  inside  a 
tube,  both  of  which  are  fixed  to  the  float. 

The  tube  with  the  rod  inside  it  passes  through 
a sealing  bulkhead  to  which  it  is  welded. 

The  tube  is  "pinched"  on  the  float  side  of 
the  bulkhead  to  provide  a pivot  point.  The 
float/arm  assembly  moves  up  and  down  about 
the  pivot;  simultaneously,  the  internal  rod 
moves  a corresponding  amount  on  the  other 
side  of  the  bulkhead.  This  movement  actuates 
a switch  mechanism. 
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b.  The  magnet/follower  principle  is  simply  a 
magnet  fixed  to  the  float  arm  which  actuates 
a follower  on  the  other  side  of  the  sealing 
barrier . 

c.  The  bellows  arrangement  allows  the  arm  to 
pass  through  the  end  of  the  bellows  which, 
apart  from  providing  a sealing  barrier,  also 
gives  the  flexibility  necessary  to  transmit 
the  float  movement  to  a switch  mechanism. 

Capacitance 

The  principle  of  changes  in  a tank  level  varying 
the  electrical  capacitance  of  a probe  is  used  in 
the  design  of  these  instruments.  For  conductive 
fluids,  such  as  crude  oil,  an  insulated  vertical 
probe  is  used  wherein  the  capacitance  of  the  in- 
sulated sensor  varies  with  the  level.  Electrical 
span  and  zero  adjustment  in  the  electric  circuitry 
make  it  conveniently  possible  for  capacitance  sys- 
tems to  be  adjusted  for  accurate,  continuous 
measurement  of  liquid  level. 

Capacitance  probes  are  also  used  as  point  sensing 
alarm  elements. 

Gas  Bubbler 


The  pressure  necessary  to  overcome  the  head  of 
liquid  in  a tank  is  a measure  of  the  level  in 
that  tank.  Compressed  air  is  pumped  into  the 
bottom  of  a tank  and  a pressure  gauge  mounted  on 
the  same  air  supply  piping  indicates  the  pressure 
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required  to  "bubble"  air  into  the  liquid.  The 
scale  of  the  gauge  is  calibrated  in  units  of 
liquid  level.  Since  crude  oils  vary  in  specific 
gravity,  a system  of  specific  gravity  compensa- 
tion has  been  devised.  Two  air  pressure  connec- 
tions in  the  side  of  the  tank  are  installed  with 
a known  vertical  distance  between  them.  The  dif- 
ference in  the  pressures  required  to  bubble  air 
through  both  connections  is  related  to  specific 
gravity  of  the  liquid  in  the  tank.  In  other  words, 
if  the  tank  contained  fresh  water  at  60°F  and  the 
connections  were  placed  2.31  feet  apart,  then  the 
difference  in  pressure  would  be  1 psi.  If  the 
specific  gravity  of  the  water  was  increased,  then 
the  difference  in  pressure  would  also  increase 
proportionally. 

5 . Resistance 

This  simple  method  uses  a resistance  strip  inside 
a pressure-sensitive  sleeving.  Variations  in 
level  will  short  out  the  resistance  strip  at  vary- 
ing lengths.  A simple  potentiometer  type  circuit 
measures  the  changing  resistance  and  relates  it 
to  level  measurement. 

• Temperature  Measurement: 

1.  Thermal  Bulb 


The  principle  is  that  which  is  used  in  the  clini- 
cal thermometer  where  a temperature  sensitive 
liquid  expands  within  a confined  tube  or  capillary  . 
The  industrial  thermometer  uses  stainless  steel 


bulbs  and  tubes  normally  filled  with  mercury. 
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expansion  of  the  mercury  causes  movement  in  an 
elastic  element  similar  to  the  pressure  measuring 
elements.  This  movement  drives  a pointer  or  ac- 
tuates a switch  or  compensating  mechanisms. 

2.  Resistance  Wire 


The  characteristic  relationship  of  electrical  re- 
sistance to  temperature  in  pure  metals  is  utilized 
in  this  primary  element.  A simple  resistance 
measuring  circuit  determines  the  resistance  of  a 
wire  element  which  is  subject  to  temperature 
variations  and  translates  them  into  temperature 
measurements . 

3.  Thermocouple 


A temperature  measuring  device  based  on  the 
phenomenon  that  an  electric  current  flows  in  a 
continuous  circuit  formed  by  wires  of  dissimilar 
metals  if  the  junctions  between  the  two  wires 
are  at  different  temperatures.  The  resulting  EMF 
produced  in  the  thermocouple  circuit  j s measured 
and  used  for  indication,  compensation  or  control 
of  the  actual  temperature. 


INDICATORS 

These  instruments  are  mounted  close  to  the  measuring  point 
of  the  variable  to  be  measured.  Most  indicators  incorporate 
a primary  element  as  described  in  the  foregoing  section. 

Generally,  the  local  indicators  used  on  a DWP  are  the  simple 
fixed  dial  with  a moving  pointer. 


The  following  list  groups  indicators  by  process  variable: 

• Pressure  Indicators 

The  well-known  pressure  gauge  which  employs  a pointer 
driven  around  a circular  seal  by  a primary  element 
(usually  a "C"  type  Bourdon  tube) . 

• Flow  Indicators 

Although  not  normally  used  on  oil  transfer  systems, 
they  are  sometimes  found  on  tank  drainage  systems  to 
indicate  flow  or  no  flow  conditions  in  a pipeline. 

The  principle  used  is  simply  a disc  or  target  on  a 
suitable  arm,  which  is  mounted  in  the  direct  line  of 
flow.  The  velocity  of  the  liquid  moves  the  target 
which  causes  an  indicator  flag  to  appear  on  the  out- 
side of  the  pipe. 

• Level  Indicator 

The  most  common  is  a vertical  linear  scale  and  pointer 
system  installed  on  the  outside  of  a tank.  The  pointer 
is  driven  up  and  down  the  scale  by  a float  inside  the 
tank,  a cable  or  tape  attaches  the  pointer  to  the  float 
via  a series  of  pulleys. 


• Temperature  Indicator 

A thermometer,  usually  of  the  mercury-in-steel  type 
with  a circular  dial  and  pointer  driven  by  expansion 
within  the  primary  element. 
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TRANSMITTERS 


Transmitters  take  the  output  of  the  primary  element,  trans- 
form it  into  a transmittable  form  and  transmit  the  result- 
ing signal  to  remote  receiving  instruments. 

• Pressure  Transmitter 


The  principle  of  operation  is  to  take  the  movement 
produced  by  the  primary  element  and  apply  it  to  a 
series  of  bellows  and  nozzles  which  produce  a pneu- 
matic signal  relative  to  the  measured  pressure.  For 
an  electrical  transmitter,  the  movement  is  used  to 
vary  the  position  of  a mechanism  producing  a milliamp 
signal  which  is  directly  related  to  the  measured  pres- 
sure. 

• Flow  Transmitter 

1.  Variable  Head  Meters  (Orifice  Plate  and  Dali  Tube) 

The  flow  transmitter  accepts  the  two  pressures 
produced  by  the  variable  head  type  of  flow  pri- 
mary device.  These  low  and  high  pressures  are 
applied  to  either  side  of  a sealed  capsule  which 
is  fixed  to  a force  balance  beam.  The  resulting 
movement  of  the  beam  is  translated  into  a pneu- 
matic or  electrical  signal  in  a similar  fashion 
to  that  found  in  the  pressure  transmitter. 

2.  Rotating  Flow  Meters  (PD  Meter  and  Turbine  Meter) 

The  rotation  of  the  meter  internals  produces  a 
pulse  signal  either  directly  or  by  means  of  gearing. 
PD  meters  employ  a system  whereby  a slotted  disc 
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is  rotated  and  cuts  the  light  source  of  a photo- 
electric circuit.  Turbine  meters  use  a magnetic 
impulse  generated  by  the  tips  of  the  turbine 
blades  passing  a magnetic  source. 

The  pulse  signal  in  both  cases  is  transmitted  to 
remote  receiving  instruments. 

Level  Transmitters 

1.  Float  and  Tape 

As  the  float  follows  the  varying  liquid  level  in 
the  tank,  a drum,  driven  by  a tension  spring  or 
electric  drive  takes  up  the  slack  and  stores  the 
tape.  The  revolutions  of  this  drum  are  directly 
related  to  the  position  of  the  float  and,  hence, 
the  liquid  level  in  the  tank.  It  is  the  rota- 
tional position  of  the  drum  which  is  electrically 
transmitted  to  the  remote  receiving  instruments. 

2 . Capacitance  and  Resistance 

Both  these  methods  of  level  measurement  transmit 
the  varying  capacitance  or  resistance,  without 
transforming  it,  to  the  remote  receiving  instru- 
ments over  a simple  wire  circuit. 

3 . Gas  Bubbler 

The  pneumatic  back  pressure  which  is  the  output 
of  the  primary  device  may  be  transmitted  without 
change  to  remote  receiving  instruments,  or  it  may 
use  a pressure  transmitter  as  described  earlier. 


• Temperature  Transmitters 


1 . Resistance  Wire 

The  transmission  of  varying  resistance  output  of 
the  primary  device  requires  no  transmitter  to 
transform  it  to  a communicable  signal.  The  re- 
ceiving instrument  measures  the  resistance  output 
as  one  leg  of  a bridge  circuit. 

2 . Thermocouple 

The  transmitting  wires  of  a thermocouple  circuit 
are  known  as  compensating  leads.  The  semi-rare 
metals  used  for  the  thermocouple  itself  would  be 
too  costly  to  use  as  transmission  wires.  It  is 
the  usual  practice  to  use  compensating  leads  of 
a less  expensive  material  which  has  characteris- 
tics close  to  the  metals  used  for  the  thermocouple 
No  transmitter  is  involved  since  the  receiving 
instrument  measures  directly  the  EMF  produced  by 
the  thermocouple . 

SNITCHES 

For  the  variables  being  considered,  the  switches  which  ini- 
t iate  remote  indicators  and  alarms  operate  on  the  same  prin- 
ciples as  transmitters.  The  movement  of  the  primary  elements 
operates  switch  mechanisms  instead  of  transmitting  mechanisms 

ALARMS 


Basically,  "alarms"  are  receivers  similar  to  other  indicators 
their  function  is  to  provide  protection  by  maintaining  criti- 
cal points  in  a system  under  constant  surveillance.  In  a 


complex  such  as  a DWP  , where  centralized  control  is  common, 
the  alarms  would  be  grouped  together  into  an  annunciator 
mounted  on  a control  panel.  An  annunciator  displays  a series 
of  engraved  translucent  windows  which  become  back-illuminated 
in  the  event  of  an  alarm.  Upon  actuation  of  an  alarm  point, 
the  alarm  light  will  flash,  illuminating  the  appropriate  win- 
dow, and  the  horn  or  audio  device  sounds.  A means  for  si- 
lencing the  alarm  and  switching  the  light  to  a steady  "on" 
state  is  provided;  a reset  switch  will  extinguish  the  light 
only  when  the  alarm  condition  has  been  rectified. 

Because  these  devices  must  remain  operable  over  long  periods 
of  inactivity,  test  circuits  are  built  into  the  annunciator 
so  that  periodic  testing  of  the  system  can  be  carried  out. 

RECEIVERS 

The  remote  instruments  which  "receive"  the  signals  from  the 
transmitters  fall  into  three  basic  categories: 

Indicators 

Recorders 

Controllers 

These  instruments  are  usually  mounted  on  the  control  panel 
in  the  central  control  station. 


* Indicators 

1.  The  conventional  type  of  scale  and  pointer  type 
of  indicator  is  the  most  common.  Two  variations 
are  available,  those  with  a fixed  scale  and  moving 
pointer,  or  those  with  a fixed  pointer  and  moving 
scale.  Which  are  used  is  immaterial  and  depends 
upon  the  designers  choice. 
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2.  Digital  indicators  lend  themselves  well  to  the 
remote  indication  of  liquid  levels  and  can  be 
adopted,  for  all  other  variables. 

* Recorders 

Essentially,  recorders  are  indicators  which  produce 
a permanent  record.  These  receivers  are  generally 
panel  mounted  in  control  rooms  and  produce  records  on 
small  strip  charts.  Certain  variables  which  can  be 
transformed  to  a digital  form  may  be  concentrated  at 
a central  recording  station  where  they  are  recorded 
in  digital  form. 

* Controllers 


These  panel-mounted  receiving  instruments  are  the 
master  link  in  a closed  loop  control  system.  Some- 
times mounted  integrally  with  records  or  indicators, 
the  controller  accepts  the  signal  from  the  transmitter, 
considers  it  with  respect  to  its  own  set  point  and  mode 
of  control  and  sends  a controlling  signal  to  the  regu- 
lating device.  The  introduction  to  this  Appendix  ex- 
plains the  various  control  modes  employed. 

ACTUATORS 


The  actuators  in  this  study  are  the  devices  which  receive 
the  controlling  signal  from  a remote  controller  or  from  a 
command  initiated  by  operating  personnel,  either  locally  or 
remotely.  The  actuator  interprets  the  signal  and  "actuates" 
the  regulating  device,  usually  a valve. 

On  a Deepwater  Port  oil  transfer  system,  the  majority  of 


the  valves,  or  regulators,  are  actuated  electrically  and 
are  usually  either  fully  open  or  fully  closed. 

Where  more  precise  control  is  required  between  the  two  limits 
of  open  or  closed,  such  as  flow  or  pressure  control  at  booster 
pumping  station,  the  actuator  uses  a combination  of  electric 
and  hydraulic  or  electric  and  pneumatic  systems.  In  these 
cases,  the  electrics  are  the  initiating  and  signalling  devices 
and  the  hydraulics  or  penumatics  are  the  driving  force  which 
actually  moves  the  valve. 

Most  actuators,  whether  they  be  electric,  electro/hydraulic 
or  electro/pneumatic  are  fitted  with  a series  of  switches 
which  initiate  remote  indication  of  the  valve  position  and 
provide  the  switching  necessary  for  interlocking  systems 
such  as  that  found  on  complex  manifolds. 
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Product  Selection  Information  7 


I 


WARNING:  All  gauge  components  should  be 
selected  considering  media,  and  ambient  operating 
conditions,  to  prevent  mis-apphcation  Improper 
application  can  be  detrimental  to  the  gauge,  cause 
failure  and  possibly  personal  injury  or  property 
damage 

The  information  contained  in  this  catalog  is  offered  as  a 
guide  to  assist  in  making  the  proper  selection  of  a 
pressure  gauge 

Additional  information  is  available  from  Dresser 
Industrial  Valve  and  Instrument  Division 


the  Bourdon  tube  and  the  window  An  optional  blowout 
disc  can  be  supplied  which  wifi  relieve  case  pressure 
buildup  in  the  event  a slow  leak  develops  in  the 
pressure  element 


Pressure  elements  Available  for  a wide  variety  of 
media  materials  include  brass  phosphor  bronze,  alloy 
steel.  AISI  316  stainless  steel  and  K- monel  Proper 
selection  of  the  Bo*^  don  system  or  bellows  material  is 
dependent  on  the  process  fluid  to  which  the  system  will 
be  subjected  If  the  correct  material  is  not  available,  the 
use  of  a diaphragm  seal  may  be  necessary  to  protect 
the  system  from  the  process  fluid 


Pressure  ranges  — Select  a gauge  with  a full  scale 
pressure  range  of  approximately  twice  the  normal 
operating  pressure  The  maximum  operating  pressure 
should  not  exceed  approximately  75%  of  the  full  scale 
range  Failure  to  select  a gauge  range  within  these 
criteria  may  ultimately  result  in  fatigue  failure  of  the 
Bourdon  tube  or  bellows 


Operating  conditions  — The  operating  conditions  to 
which  a gauge  will  be  subjected  must  oe  considered 
Other  than  discoloration  of  the  dial  and  hardening  of 
the  gaskets  that  will  occur  as  ambient  temperatures 
exceed  1 50  F . metal  and  phenol  case  gauges,  ’hat  are 
not  liquid  filled,  can  withstand  continuous  ambient 
temperatures  as  high  as  350  F Gauges  with  soft 
soldered  joints,  however,  should  not  be  subjected  to 
temperatures  above  1 50  F Accuracy  will  be  affected  by 
approximately  1 5%  per  hundred  degrees  F Gauges 
with  welded  Bourdon  tube  (system)  joints  will 
withstand  750  F.  with  silver  brazed  joints.  450  F.  for 
short  times  without  rupture  although  other  parts  of  the 
gauge  will  be  destroyed  and  calibration  will  be  lost  If 
the  gauge  will  be  subjected  to  severe  vibration  or 
pressure  pulsation,  the  use  of  a liquid  filled  gauge  is 
recommended 


Movements  — Movement  parts  are  designed  and 
protected  to  reduce  friction  and  extend  wear  life  Each 
movement  is  ultrasonically  cleaned  and  lubricated 
Movements  of  2V?"  and  31  /?"  gauges,  including 
bellows  type  are  stainless  steel  with  Teflon*  coated 
pinion  gear  and  segment  shaft,  on  4V2"  and  larger 
sizes  gauges  have  stainless  steel  movement  with 
bronze  pinion  and  segment  shaft 


Dials  - Dials  are  uniformly  graduated  and  have 
highly  legible  black  markings  White  or  brushed 
aluminum  backgrounds  provide  a high  degree  of 
resolution 


Pointers  — Adjustable  pointers  are  standard  on  Type 
1 009  gauges  Other  gauges  are  supplied  with  non- 
adjustable  pointers  which  can  be  reset  by  removing  the 
ring,  removing  and  resetting  the  pointer  Adjustable 
pointers  are  available  as  an  option  on  these  gauges 


Windows  — The  standard  is  glass  Non  glare  glass  is 
optional  for  applications  requiring  that  reflection  be 
eliminated  Acrylic  plastic  or  shatterproof  glass 
windows  are  also  available,  to  provide  added 
resistance  to  breakage 


» 


Cases  — Five  case  styles  and  four  different  materials 
are  offered  — aluminum  stainless  steel  cast  iron  and 
phenol  All  cases  are  open  front,  with  the  dial  between 


Rings  — The  rings,  which  enclose  the  window,  are  of 
several  different  types  friction,  threaded,  bayonet 
(cam),  hinged,  or  snap  design  depending  upon  case 
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SELECT  rod ? OPERATING  REQUIREMENT 


ADJUSTABLE  DIFFERENTIAL 

FULLY  AUTOMATIC  - DOUBLE  ADJUSTMENTS 


FIXED  DIFFERENTIAL 

FULLY  AUTOMAT  1C  - SINGLE  ADJUSTMENT 


Contact 


OUTSIOt 

ADJUJfMFNTS 


* OUT S IOC 
ADJUSTMENTS 


TYPFS  DA.  DAF.  DAH  DAHF.  DAW.  N3  DAW 
Equipped  with  two  outside  adiustments  one  for  setting  ' high”  pres 
sure  operating  point  and  one  for  setting  "low"  pressure  set  point  Dif 
ferential  (difference  between  the  "high”  and  "low”  set  points)  is  ad 
lutMble  Over  the  full  scale 

Controls  with  mercury  swtch  contacts  are  available  SP  ST  or  in  a 
variety  of  multiple  circuits 

Controls  with  snap  action  contacts  have  a swtch  indicator  for  vrsrto/e 
operation  and  are  available  SP  DT  or  DP  DT  (?  SP  DT  switches' 


TYPES  DS  DSF  DSM  DSHF.  DSW . N3  DSW 
Equipped  With  a v -ole  adjustment  for  setting  operating  point  only  A 
single  pointer  on  the  scale  sets  the  pressure  pom’  where  switch  oper 
ation  occurs  Fixed  d f t •*» «*n T ....  -s  factory  si  t and  cannot  b"  changed 
Controls  wth  menu  s "S't  ti  (•'•■tacts  have  visible  • • off  operation 
and  are  available  SP  ST  only 

Contro's  with  snap  action  contacts  hdu  sw  tch  nrinalui  for  v-sihle 
on  off  operation  and  are  available  SP  DT  only. 


SEMI  AUTOMATIC  WITH  MANUAL  RESET 

1 SINGLE  ADJUSTMENT 


TYPES  DR.  DR  K,  DRH  DHHF.  DRW  N3  DRW 
A single  adjustment  sets  the  operating  point  to  either  "OPEN”  or 
"CLOSE"  the  circuit  automatically  upon  a pressure  decrease  or  in 
crease.  A push  button  reset  must  be  operated  manually  to  restore  the 
circuit  to  the  original  position  after  automatic  operation. 

Suffix  L after  Type  No  denotes  control  will  operatp  automatically 
on  an  increase. 

Suffix  — U after  Type  No  denotes  control  will  operate  automatically 
on  a decrease 


Manual 

Reset 


Single 

Adjustment 


HAZARDS 


OUTDOOR 


Yd  ATE  R TIGHT  DUST  T IGHT 

NEMA  3S  and  4 

TYPE  S DAW  DHW.  DSW  Mr—,  nnsr  i 


rxriosiON  PROOF 

f-  *'•  i - h r n*  *.*  •%  i a,\  i 

f I G CUv-  Ill,  MMA  Q A 

TYPES  DAH  DRH  DSM  T »••• 


GENERAL  PURPOSE 
NEMA  1 

TYPES  DA  DR.  DS  For  arm  ■*?  < • wH »-e 

atn  *ie-  i • ,1  t'or'S  a'#  normal  F o’  p>o 
'*•  • «.n  US'  ' Oust  .1  ,i  I.jir  . as*.  no  Mf.i.v 
(M  fa  • tu  w*  r o a,'  '•  ■ 


WEATHER  RESISTANT  (RAINTIGHT 
NEMA  3R 

TYPES  N3  DAW  N3  DRY.  N3  DSW 


l n*vr  'pmovat ■•«• 
P-r>u  . P.tQe  <i  ft 


Case  Types  9 
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Several  important  variables  must  be  considered 
when  selecting  the  type  of  case  for  the  application  A 
gauge  is  subject  to  environmental  and  atmospheric 
conditions,  and  the  gauge  internals  must  be  protected 
from  these  elements 

Type  of  mounting  — stem,  surface  or  flush  is 
important,  as  is  the  pressure  connection  location  lower 
or  back  General  characteristics  of  case  styles  are 
described  below 

The  following  cases  are  all  open  front  design,  with 
the  dial  between  the  pressure  system  and  the  window 
For  maximum  safety,  an  Ashcroft  Duragauge*  sol'd 
front  gauge  should  be  specified  (a  solid  wall  is  between 
the  pressure  system  and  window)  Request  Bulletin 
DU-1 

Comprehensive  reference  charts  of  case  styles, 
materials,  and  physical  characteristics  of  General 
Service  Gauges  are  on  pages  10  and  1 2.  dimensional 
drawings  are  on  pages  14-18 


Type  1 009 

Polished  stainless  steel  case  and  bayonet  lock  ring 
in  21/?".  3V2",  and  4,/2"  sizes  Maximum  corrosion 
resistance  Available  for  stem,  surlace.  or  flush 
mounting,  lower  and  back  connected 

Type  1188/1220 

Black,  phenol  turret  cases  in  4V?’ . 6 81/?’  sizes 
with  stainless  steel  snap  ring  Lightweight,  offers  high 
resistance  to  corrosion  Stem  or  surface  mounted  can 
be  flush  panel  mounted  with  an  accessory  ring 

Type  1189 

Aluminum  case  with  threaded  aluminum  ring  Case 
and  ring  are  black  epoxy  coated  4’/2'‘  and  6 sizes 
Stem,  surface,  or  flush  mounted 

Type  1010 

Aluminum  in  41/?"  and  6"  sizes,  cast  iron  in  81  ■'?" ' . 
and  1 2".  friction  steel  ring  Black  epoxy  coated 
Stem,  surface,  or  flush  mounting  lower  and  back 
connection 

Type  1017/1187 

Aluminum  case  in  4’/?' , 6 and  8‘ n"  sizes,  with 
steel  rmg  hinged  at  top  retained  by  a clamp  screw  at 
the  bottom  Case  and  ring  are  black  epoxy  coated 
Flush  mounted,  back  connection  only 
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ORIFICE  PLATES 
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FLOW  NOZZICS 

Provide  greater  flow  capacity  and  conrton/  c/m  ‘-n-ge  coefficient  ever 
a Wider  conge  of  flow  rotei  Ihen  o ’-ter  a ntes  Widely  use-/  for  than 
flow  olio  for  fluids  containing  moderate  amounts  of  sohds  ir  sust  ention 

I f»mr«|  flim  nozzle*  are  available  in  ritlar  flam:e.tMK  I'.'i 
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VENTURI  TUBES 
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FEATURES 


THE  DIAPHRAGM  CAPSULE 

I hr  design  of  th«  cliff*  icriti.tl  pr»«»ure  sensing  i-lt*i i i**nt 
makes  i!  p sihl*-  i"  uv  light,  i « •ru|ilrt**l\  welded 
stainless  steel.  twin  (lupin agin  < apsulc  sensitise  to  the 
slightest  < haiige  in  differential  piessure  < )nr  ;!fi  stain- 
Jrss  sir**]  diaphragm  ; wam-w  elded  in  « .«■  h .<’«■  of  a 
5 1»>  sta  1 ■ • tip  plate  I * mp*  ratur**  stable 

si  lit  one  fluid  fills  ihr  space  briu«  rn  diaphragm*  arid 
p’dt*  \ • rv  small  h»'!«-s  did  led  thr- -ugh  flu  pla  • allow 
fluid  to  hr  transferred  from  onr  side  of  the  capsule 
assrtnhlv  to  thr  nthrr  1 Ins  < onstruction  damps  out 
effect  of  unwanted  line  noisr  Position  of  n-nm  < tu»u 
holes  parallel  to  capsule  makes  it  impossible  for  me- 
chanic’s sfrcwdrise?  to  puncture  diaphragm. 

FAIL-PROOF  OVERRANGE  PROTECTION 

Convoluted  .surface  nf  thr  diaphragm  fits  thr  matc  h- 
ing hat  k-up  plate  No  need  ft*i  ’ C)"-ring  seals  When 
overrange  oicun  and  silicone  fluid  is  displaced  from 
one  side  of  tin  capsule  to  the  other,  either  diaphragm 
is  supported  hv  the  plate  and  cannot  be  distorted 
Ret  ahhration  not  necessary. 
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t.l.co**  f.H*d 
d or^opf  'opii  t 


SIMPLE  RANGE  AND 
ZERO  ADJUSTMENTS 


Range  rod  and  range  wheel  Figure  l>b4.>4  pro- 
vide  continuous  wide-range  adjustment  Externallv 
at  i cssibfe  /et  n ad justment  s<  tow  is  prop**  ted  hy  a slid- 
ing i lip  to  dw.  oarage  tampering  Figure  Bb4.vl 
Nc»  external  or  internal  damping  adjustment  necessary 
damping  cannot  lie  maladjusted  through  erroi  or 
t.unpei  lYrmanent  damping  is  designed  to  jirovide 
faithful  output  irpioduc  lion  of  measured  differential 

ALL-METAL  CONSTRUCTION 

Assures  lifetime.  xntualK  maintenance-free  operation 
An  F.lgilov  metal  disc  at  ts  as  .»  leak-proof  seal  between 
and  tiaiismittei  mechanism.  Other  measur- 
ing parts  exposed  jopi'M  ess  liquid  ran  he  either  plated 
carbon  steel,  , tS  stainless  steel,  or  Monel  metal  Op- 
tional diaphragm  <apsu!<  materials  are  available  for 
spec  ial » otrosixe  apple  ations.  I he  transmitting  mecha- 
nism h.»>  a weather-proof  housing  continuously  purged 
with  elea nr.  drv  operating  ait 

lie-  basit  totnponents  body,  force-balance  trans- 
mitter system.  and  air  connection  blew  k ate  separate 
units  prmc'S  piping  stresses  are  confined  to  body.  air 
piping  stresses  to  the  air  connection  block.  Force- 
balance  system  is  completely  isolated  from  exterior 
fort  es 

Iht'i  1 1 essentially  -t  »c  ivlurm  displacement  if  it  h 
Foxhofo  d/p  Cell  Transmitters  no  condensing  or 

sealing  chambers  are  n ere  nary. 


>od\ 


silicone 

transfer 

holes 


8 7*6>  Cloce  up  rt  Dap^**?"**  Captulc. 
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BULLETIN  E-11 


Pig.  B6436,  Typical  Installation  of  d p Cell  Trommitler  for  liquid 
Measurement. 


SIMPLICITY  OF  INSTALLATION 

Transmitter  may  be  installed  in  any  position.  High 
and  low  pressure  connection  taps  are  at  both  ends  of 
body  for  optional  connection.  The  instrument  is  de- 
signed for  simple  close-coupling  at  the  point  of 
measurement  (Figure  B6436). 


\ 

l 

\ 

i 


r 


* 


AIR 

SUPPLY 


OUTPUT 


HIGH 

PRESSURE- 

CONNECTION 


LOW 

■PRESSURE 

CONNECTION 


Fig.  17503 


PRINCIPLE  OF  OPERATION 

Pressure  is  applied  through  the  high  and  low  pressure 
connections  to  opposite  sides  of  silicone-filled  twin- 
diaphragm  capsule  (A).  Difference  between  pressures 
exerts  force  at  lower  end  of  force  bar  (B),  which  is 
balanced  by  a simple  lever  system  consisting  of  force 
bar  (B),  range  rod  (E)  and  flexure  connector  (D), 
with  Elgiloy  metal  disc  (C)  acting  as  a fulcrum 
together  with  range  wheel  (F).  Range  wheel  adjusts 
the  measurement  span  to  any  value  within  the  limits 
of  the  diaphragm  capsule  The  force  exerted  by  this 
capsule  is  opposed  through  the  lever  system  by  feed- 
back bellows  (K).  In  operation,  flapper  nozzle  (H) 
detects  the  slightest  variation  in  forces  developed  at 
the  capsule  and  effects  a counterbalancing  of  these 
changes  by  altering  input  pressure  at  relay  (J),  simul- 
taneously changing  feed-back  bellows  balancing  pres- 
sure. Continuously  adjusting  bellows  pressure  main- 
tains a state  of  force-balance  between  bellows  and 
twin-diaphragm  capsule. 

The  result  is  a pneumatic  signal  of  3-15  psi  propor- 
tional to  differential  pressure. 
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Smith  Meter  Systems 
Division 

Geosource  Inc. 


BULLETIN  2 0 3.8 


GEOSOUftCE 


SPECIFICATIONS 

18"  SENTRY  SERIES  TURBINE  METER 

DECEMBER  1971 


ASSEMBLY 


MATERIALS  OF  CONSTRUCTION 


/ Rotor 


'f\t\ 


Cotter 
. Pm 


& T 1 Rotor  ; 

/ „ { Platform  Beaf,"« 

Rotor  WaShCr  Bea”"* 

Shaft 


PART 

CA  SA 

cs  ss 

HOUSING 

Carb.  304  SS 

Carb.  304  SS 

Stl  • 

Stl.* 

FLANGES 

— Carbon  Stl. 

or  304  SS 

STATORS 

356T6 

316 

Aluminum 

Stainless 

PLUGS 

304 

304 

Stainless 

Stainless 

deflector 

Carbon  Steel 

304 

RING 

Lubrited 

Stainless 

SET  SCREW 

Carbon  Steel 

304 

Stainless 

ROTOR 

INSERTS1 


BEARINGS. 

WASHERS 

SHAFT 

WASHERS 

COTTER  PINS 


304  Stainless  Steel 

Hy-Mu  80 

304  Stainless  Steel — 

Cadmium  Plated  Steel 

883  Tungston  Carbide 

—Chrome  Vanadium  Steel 

— 300  Series  Stamless  Steel 

* Lubnted  and  Electro-film  Coated 
t Located  on  Rotor  Rim 


DIMENSIONAL  OUTLINE 


— 45"  ♦ 1/16- 
±1/16. 


Flange 

Rating  A N SI 

150# 

300# 

400# 

600# 

900# 

Note  1 

"A”  Dim. 

25” 

28” 

28” 

29  V." 

31" 

App.  Model 
Shcp  CA&SA 

1200 

1520 

1590 

1800 

?:1/16\  *0)  /\ 

, Model 

,lbs  l cs&ss 

1350 

1670 

1740 

1950 

- 

12-3/16"  tl/16' 
Typ.  / , 


1 82°30'  ±'/»° 

\ Note  2 


1 Meter  pressure  rating  and 
flange  data  per  ANSI. 

2.  Multiple  pickup  coils  and 
condulets  when  specified. 
2nd  coil  90  electrical  degrees 
from  base  coil. 

3.  Shipping  weights  include 
20%  packing  weight 
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Bulletin  1. 5.4.1 


K12-S3,  55,  56,  S 7 and 
M16-S3,  S5  56,  METERS 


September  1974 


The  K 12-S3,  S5,  S6,  S7  ond  M16-S3,  S5,  S6  meters  are  designed  for  high 
capacity  service  on  petroleum  pipe  lines  and  at  tanker  loading  and  unloading 
facilities  for  rates  from  6000  up  to  1 2,500  barrels  per  hour.  They  are  dual-case 
meters  with  the  metering  unit  installed  in  a welded  steel  housing. 

With  the  Smith  Meter  principle,  illustrated  below,  the  flow  of  liquid  is  literally 
undisturbed  while  it  is  being  metered.  Since  energy  is  not  wasted  in  arresting 
liquid  velocity,  slippage  is  reduced  to  a minimum,  resulting  in  GREATER  AC- 
CURACY. Low  pressure  drop  due  to  streamlined  flow  and  a minimum  of  friction 
means  long  life  and  low  maintenance,  thus  assuring  SUSTAINED  ACCURACY. 
A.  O.  Smith  Double  Case  Meters  follow  the  original  rotary  design  developed 
by  Smith.  The  metering  unit  is  installed  in  on  outer  housing  with  pressure  bal- 
anced across  the  metering  unit  thus  eliminating  inner  case  distortion  due  to 
operating  pressure  and  piping  strain.  The  double-cose  construction  affords  ease 
of  servicing.  It  is  possible  to  remove  a metering  unit  for  inspection,  cleaning  or 
repair  simply  by  removing  the  outer  housing  cover  ond  removing  the  metering 
unit.  The  measuring  unit  is  removed  vertically,  thus  liquid  spillage  is  kept  to  a 
minimum.  The  ease  of  removal  of  the  metering  unit  is  conducive  to  low  main- 
tenance costs  and  greater  overall  accuracy  as  the  off-stream  time  encourages 
periodic  preventive  maintenance  inspection.  Complete  metering  units  ere 
interchangeable  between  different  meter  housings. 

APPLICATIONS 

Product  Pipe  Lines;  Crude  Oil  Pipe  lines;  Barge  and  Tanker  loading 
and  Unloading. 


SPECIFICATIONS 


NORMAL  RATED 

. Available  Registration 

CAPACITY  cU5,c  Meters  U.  S.  Barrels 

Per  Hour 

Per  Hour 

K12-S3.  S5, 

Maximum 

950 

6.000 

S6  and  S7 

Minimum 

190 

1,200 

MIS- S3.  $5 

Maximum 

2000 

12.500 

and  S6 

Minimum 

400 

2,500 

WORKING  PRESSURE 

275  PSI 

19  Kg  Cm2 

K12-S3 

300  PSI 

21  Kg  3m2 

K12-S5 

720  PSI 

50  Kg  3m2 

K12-S6 

1440  PSI 

100  Kg  Cm2 

K12-S7 

275  PSI 

...  19  Kg  Cm2 

M16-S3 

300  PSI 

21  Kg  Cm2 

M16-S5 

720  PSI 

50  Kg  Cm2 

M16-S6 

FLANGES 

12' 

150  lb.  ANSI 

K12  S3 

12' 

300  lb.  ANSI 

K12-SS.  S6 

12- 

600  lb.  ANSI 

K12-S7 

16' 

150  lb.  ANSI 

M16-S3 

16' 

300  lb.  ANSI 

M16-S5,  S6 

MATERIALS  OF  CONSTRUCTION* 

Meter  Housing — welded  steel  construction 
Inner  Meter  Case— close  grained  cast  iron 
Rotor — close  grained  cast  iron 
Block — close  grained  cast  iron 

Bearings,  Shaft  ond  Pins — stainless  steel  with  phenolic 

Com  and  Gears — steel 

Blades — anodized  high  tensile  aluminum  olloy  with  wear  strips 
Bushings — sintered  iron 

'Some  Uitvmol  mmtmr  port*  or*  troafod  with  ARMORIOY,  a SOLID  FILM 
LUSRICAKT  with  cortoin  corrotion  r •infant  proportion 

ADJUSTMENT 

Dry,  accessible  calibration  is  made  in  extremely  fine  increments 
with  any  A.  O.  Smith  adjustment  device.  These  adjusting  de- 
vices are  protected  from  dirt  and  foreign  matter,  and 
may  be  sealed  ogainst  unauthorized  tampering.  Various 
units  are  available  for  both  gross  and  temperature  com- 
pensated registration. 


PRINCIPLE  OF  OPERATION 


The  rotor,  which  revolves  on  stainless  steel  ball  bearings,  hos 
six  evenly  spaced  slots.  The  slots  control  the  position  of  three 
blades  that  are  at  60°  angles  to  each  other.  As  liquid  flows 
through  the  meter,  the  rotor  and  blades  revolve  around  a fixed 
cam.  Ball  bearings  fixed  to  the  blades  roll  around  the  cam, 
causing  the  blades  to  move  radially.  The  successive  movement 
of  the  blades,  outwardly  toward  the  cose  wall,  forms  a measur- 
ing chamber  of  precise  volume  between  the  blades,  the  rotor, 
the  cose  wall,  the  cover,  and  the  bottom  of  the  cose.  A con- 
tinuous series  of  these  closed  chambers  is  produced,  six  for 
each  revolution  of  the  rotor.  Neither  the  blades  nor  the  rotor 
contact  the  stationary  walls  of  the  measuring  chamber. 


PEClIilGATJONSlSftKIT^CCESSORIE: 


TYPE  OF  KIT  CLASS 


GUIDE  WIRE  AND  SPRING 
ASSEMBLY 


MATERIALS  OF  CONSTRUCTION 


Stainless  Steel 


MATERIALS  OF  CONSTRUCTION 


PULLEY  ASSEMBLY 


Defran 


Beoring 


Sboft 


Floating  Roof  Tanks 


Floats 


KIT  SELECTION  PROCEDURE 

1,  Determine  ”K  it"  number  by  referring  to  rank  canfigurotion  ond  type 
of  instollotion  »hown  on  poges  4 thru  9. 

2.  Determine  "Kit”  Class  by  requirement  of  stored  product  ond  tank 


INSTALLATION  KIT”  NUMBER  EXPLANATION 


EXAMPLE 


TANK  TYPE  AND 
TYPE  OF  ENTRY 


TYPE  OF 
KIT  CLASS 


CONE  ROOF  TANK  FOR 
INSTALLATION  THROUGH  TANK  SHELL 


KIT  CLASS  FOR  BELOW 
3 PSIG  SERVICE 


CRANKING 

HOLE 


CRANK  SCREW 
IN  SHIPPING 
POSITION  x 


POWER 
HUB  — 


OPERATION 

CHECKER 


TAPE 

DRUM 


SPRING 

MOTOR 


SPROCKET 

WHEEL 


SCHEMATIC  OF  TAPE 

AND  CONSTANT  FORCE  MOTOR  ASSEMBLY 
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4mw 


MODEL  92020 


AUTOMATIC  TANK  LEVEL  GAGE 


DESCRIPTION 

The  Shand  & Jurs  Model  92020  Automatic  Tank  Level 
Gage  is  a float  actuated  tape  driven  gage,  and  by 
means  of  a digital  counter  indicates  float  travel  ac- 
curately to  1/16  inch.  Model  92020  meets  all  the 
specifications  and  recommendations  of  the  American 
Petroleum  Institute  in  accordance  with  API  Bulletin 

2509  B. 

Pioneers  in  automatic  iank  gaging.  GPK  Controls,  Iru  .. 
has  c-n toyed  a preeminent  position  lor  well  over  SO 
years  with  Shand  A:  |urs  gaging  systems. 

A stainless  steel  tape,  accurately  perforated,  rotates 
an  aluminum  sprocket  wheel  with  stainless  steel  pins, 
which  in  turn  drives  the  digital  re  a. lout  counter.  A 
stainless  steel  constant  force  motor  maintains  tension 
on  the  float  throughout  the  gaging  range,  hearing 
loads  are  well  distributed  through  filled  fluorcarbon 
bushings  rotating  on  polished  stainless  steel  shafts. 

Local  readout  is  by  means  of  digital  counter  featuring 
large  black  numerals  on  a white  background.  Remote 
reading  is  added  b>  simply  removing  the  counter  hous- 
ing cover,  installing  coupling,  and  boiling  transmitter 
in  t(‘  place.  Gage  calibration  is  quick  and  easy  . . . 
loosen  screws  and  swing  open  access  plate;  then, 
simply  rotate  large  inch  wheel  until  counter  wheels 
are  set.  This  is  the  fastest,  and  must  j , si  1 1 ' r c alibra- 
non  available  on  any  floai  a ■ tuated  counter  type  gage. 

Choice  of  materials,  rugged  construction  and  counter 
bousing  sealed  from  gage  head  permits  application  of 
this  gaging  system  to  a wide  variety  of  environmental 
conditions.  Optional  feature  on  gage  head  includes  a 
h 1 crank  for  mane. ally  raising  and  lowering  the 
float,  an  operational  .hecker  for  manually  fogging  the 
tape  to  insure  a "free"  system,  provision  for  high  and 
low  level  limit  switches. 

To  facilitate  easy  ordering,  complete  accessory  kits 
arc  available  for  all  standard  and  most  special  tank 
configurations  and  cover  a broad  selection  of 
marenals. 

FEATURES 

■ ACCURATE 

Large  digital  readout  driven  by  accurately  perforated 
tape  provides  non-ombiguous  ond  eonsistont  data  to 
meet  API  standards  of  occurocy. 

■ RELIABLE 

Long  contact  arc  of  tope  on  sprocket  ond  non-|amming 
construction  of  rotating  parts  assure  reliability.  Con- 
stant tension  on  float  results  in  occurote  reading,  also, 
ventilated  counter  housing  is  non-fogging. 

■ VERSATILE 

Low  copper  olummum  body,  carefully  selected  mate- 
rials for  internals,  optionol  feature  nd  accessories 
make  this  system  adaptable  to  most  products  and 
storage  vessels. 

■ ECONOMICAL 

Limited  number  of  mounting  brackets  minimize  instal- 
lation cost.  Complete  gaging  system  "kits"  for  each 
instollotion  further  reduce  cost. 


GROUND 

READING 

TANK 

GAGE 


ROOF 

READING 

TANK 

GAGE 


MODEL  92020  AUTOMATIC  TANK  GAGE 


HOW  TO  ORDER 

Spec  if  y : 

1.  Model  92020  Automatic  Tank  Level  Gage. 

2.  Type  of  service  Normal,  ammonia,  or  severe. 

3.  Gage  head  only,  gage  head  fitted  for  limit  switch*, 
gage  bead  w,»h  bond  crank  or  gage  heod  with  bond 
crank  ond  fitted  for  limit  switch*.  With  or  without 
Operation  Checker. 

4.  Type  of  calibration:  feet  ond  inches,  decimal  feet 
or  meters. 

5.  Type  of  reodout:  o.  innage  or  outage 

b.  maximum  tank  height 

6.  Type  of  installation: 

a.  Gage  only  (without  tape  for  ground  reading)** 

b.  Ground  reading  (fixed  roof  ton k) 

c.  Ground  reading  (floating  roof  tank) 

d.  Roof  reading 

e.  Turbulent  tank  (ammonia,  LDG) 

7 Description  of  fluid  to  be  gaged  including  pressure 
temperature,  specific  gravity,  etc. 

8 Additional  accessories  required,  specify  in  detoil. 

•Limit  twitch  mull  be  ordered  teparoiely. 

**  * F or  roof  reading,  specify. 
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PRODUCT  DATA  SHEET  92020 


DESCRIPTION 

The  Shand  & Jurs  Model  92302  Liquid  Lev*»l 
Indicator  is  a reliable  and  inexpensive  float 
actuated  level  gaging  system,  which  utilizes  a 
sturdy  aluminum  or  redwood  indicator  board. 


The  target  on  the  indicator  hoard  is  accurate  to 
within  one  inch.  Large  black  numerals  on  a white 
background  make  the  readout  plainly  visible. 
The  indicator  board  is  available  with  gradua- 
tions in  feet  and  inches  or  with  graduations  in 
meters.  Half  travel  targets  are  available  for 
special  installations  such  as  below  ground  tanks. 

A choice  of  various  materials  is  available  which 
permits  application  of  this  gaging  system  to  a 
wide  variety  of  environmental  conditions.  A 
liquid  seal  is  available  for  vapor  tight  installa- 
tions to  retain  tank  vapor  space  pressure  and 
vacuum  within  the  range  accommodated  by  vac- 
uum/pressure breather  valves  with  standard 
settings.  The  liquid  seal  also  protects  g age* 
board  from  corrosive  tank  vapors. 

Guide  wire  assemblies  and  an  anchor  bar  are 
recommended  for  tanks  over  12  feet  high  or 
where  product  turbulence  exists.  The  Model 
92302  Liquid  Level  Indicator  is  also  available 
with  limit  switches  to  provide  for  high  and  or 
low  level  alarms,  pump  start  and  stop  control, 
or  a variety  of  other  signaling  functions. 


HOW  TO  ORDER 

Specify: 

1.  Model  92302  Liquid  Level  Indicator 

a.  Type  of  tank  (if  other  than  cone  roof) 

b.  Type  of  service 

2.  Type  of  board  material 

3.  Feet  and  inches  or  meter  and  decimeters 
calibration 

4.  Height  of  tank 

5.  Additional  accessories  required.  Limit 
Switches,  inspection  frames,  etc.  Specify 
in  detail. 


FEATURES 

■ ECONOMICAL 

Low  cost  and  easy  installation  makes  this  on 
ideal  solution  to  simple  gaging  problems. 

■ VERSATILE 

Stondord  materials  suitable  for  most  services. 
Components  of  special  materials  readily 
avai  lable. 

■ ACCURACY 

Construction  affords  accuracy  to  the  nearest 
inch. 

■ RELIABLE 

Non-jamming  construction  of  movable  ports 
assures  reliability. 
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PRODUCT  DATA  SHEET  92302  THE  C0MPANY  THAT'S  involved  combustion  controls  • guiding  systems 

PIPELINE  CONTROLS  • TANK  FITTINGS  • MARINE  SYSTEMS 


BULLETIN  9399  11000 


FOR  WIDE  PRESSURE 
AND  TEMPERATURE 
RANGES.  . . 


■ REPLACES  COSTLY  STAINLESS  STEEL  FLOATS 


■ IDEAL  FOR  CAUSTICS.  ACIDS  AND  VOLATILE  LIQUID  ENVIRONMENTS 


■ ADAPTS  TO  PRESENT  GUIDE  WIRE  FLOAT  GAGES 


■ CORROSION  RESISTANT 


E-2.12  LEVEL 


SPECIFICATIONS 

Materials: 

High  Density  Polyethylene  and  Glass  Filled  Polypropylene 

Pressure  Range: 

3 psig  Maximum 

Temperature  Range: 

-20°  to  215°  F 

Specific  Gravity  Range: 

.5  to  1.3 

Weight: 

4 Pounds 

PROOUCT  BULLETIN  LB-260-110 


GPE 

CONTROLS 


CURRENT 

TRANSMITTER 


DESCRIPTION  SPECIFICATIONS 


The  Model  X31420  Current  Output  Transmitter  is  a 
potentiometer  type  transmitter  which  transmits  field 
information  to  a remote  point.  This  transmitter  is  in 
tended  primarily  for  coupling  to  tape  drive  float  type 
gages. 

Contained  in  a weather  and  explosion  proof  housing,  the 
transmitter  uses  one  2,000  ohm  potentiometer  which  is 
driven  through  a gear  reduction  of  the  input  shaft.  The 
output  is  a current  which  is  proportional  to  the  position 
of  the  wiper  in  the  potentiometer.  This  current  output 
signal  is  transmitted  to  a compatible  receiver. 

High  and  low  level  alarm  switches  are  available  to 
provide  safety  during  loading  or  discharge  of  product. 
Alarm  switches  can  be  acutated  within  plus  or  minus 
one  foot  of  desired  range. 


INPUT  POWER  . 

Transmitter:  30  V DC  ± 1%  at  40  ma 
60  V.DC  ± 1%  at  75  ma 

Alarm  Switches:  125/250  VAC/28  V DC 
at  2.5  amp 

INPUT  SIGNAL:  Shaft  position 

OUTPUT  SIGNAL:  4-20  ma  DC 
10-50  ma  DC 

OUTPUT  LOAD  IMPEDANCE:  10  to  500  ohms 
RANGE:  20  to  120  feet  (10  foot  increments) 
WIRING:  Four  conductors 
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I RODUCT  DATA  SHEET  RG-211 


Telepulse  II 


■ ^ELIABIUTY 


led  electronic*:  with  <jti 


DESCRIPTION 


The  Telepulse  II  Level  Gaging  System  provides  liquid 
product  storage  facilities  with  the  most  reliable  and 
accurate  remote  measurement  system  available.  GPE’s 
Telepulse  II  system  has  maintained  a reputation  for 
extreme  dependability.  This  is  why  there  are  more  than 
5.000  installations  in  operation. 

Continued  modernization,  physical  expansion  and  com 
puterized  operation  of  present  facilities  demand  the  most 
reliable  and  proven  gaging  system  on  the  market. 
Telepulse  II  is  designed  to  keep  in  step  with  these 
requirements. 

The  Telepulse  II  Digital  Electric  Gaging  System  consists 
of  two  basic  components,  a Model  4141 1 Level  Transmit 
ter  and  a Model  42211  Receiver. 

The  Model  41411  Transmitter  mounts  directly  to  a float 
type  level  gage  and  digitally  encodes  shaft  position.  The 
Transmitter  utilizes  magnetic  pick-up  coils  for  operation 
and.  therefore,  no  contact  is  required.  This  principle  of 
inductance  provides  for  reliability,  durability  and  extreme 
accuracy. 

When  reading  is  required,  a truly  synchronous  scan  motor 
drives  a magnet  at  a constant  speed  past  the  pick-up  coils, 
inducing  a voltage  pulse.  Two  pulse  signals  are  provided 
for:  one  for  the  fine  increments  (inch,  decimal  foot,  or 
millimeter),  and  the  other  for  unit  increments  (foot  or 
decimeters). 

The  maximum  duration  between  pulse  signals  is  100 
milliseconds.  These  signals  are  transmitted  in  parallel  to 
the  Model  42211  Receiver  located  at  a remote  point. 

The  Model  42211  Receiver  provides  for  digital  display  of 
level  and  temperature  readings.  Each  tank  is  positively 
identified  with  a separate  pushbutton.  A reading  is 
displayed  only  if  proper  tank  is  selected  and  function 
button  is  pushed.  Function  buttons  are  marked  for  level 
and  temperature.  (Data  Logger  is  optional.) 

The  Receiver  provides  for  optional  connections  for  a Data 
Logger,  which  can  be  added  at  any  time.  In  addition, 
provisions  for  computer  interfacing  is  readily  accommo 
dated.  The  output  for  this  option  is  4 line  BCD  from  dry 
contacts.  The  Telepulse  II  Receiver  can  accommodate  the 
taost  complex  computer  programs,  such  as.  high  speed 
icanning  of  an  entire  storage  facility  during  filling  or 
unloading  procedures  to  obtain  up-to-date  information  on 
high  and  low  level  readings.  Only  slight  modification  to 
standard  circuitry  is  necessary. 

The  Model  42211  Receiver  is  available  in  a standard 
sloping  desk  type  console,  which  accommodates  up  to  100 
points.  For  larger  storage  tank  facilities,  the  Receiver 
electronics  are  easily  expanded  and  can  be  adapted  to 
sophisticated  supervisory  control  systems. 


SCAN  FINE  INCREMENTS 

MAGNET  PICK-UP  COIL 


PRINTED  SYNCHRONOUS 

CIRCUIT  BOARD  SCAN  MOTOR 


Model  42211  Receiver  with  back  panel  removed  showing 
solid  state  electronics  with  Data  Logger  Pin  Connectors 
Simple  plug-in  printed  circuit  boards  tor  fast  servicing 
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CAPACITANCE  TRANSMITTER 


Electronics  contained  In  a single  Printed  Circuit 
Board  at  the  transmitter.  No  moving  parts  to  wear  out 


Solid  state  circuitry  assures  long,  trouble-tree  Site.  •' 


/ POWER  SUPPLY/BARRIER 


'Two  probes  available  for  conductive  or 
pon-conductive  fluids.  ' 5“  .•  «■? 

a - fc  hjL  </-  l-JH  , Srn 


Remote  digital  display,  provideslndividual  tank, 
readout  of  1 over  lull  range. 


DIGITAL  DISPLAY 
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DESCRIPTION 


The  Model  31430  is  a continuous  level  gauging 
system,  using  a capacitance  probe.  The  principle 
of  measuring  the  level  is  based  on  the  dielectric 
change  between  liquid  and  air,  which  provides  a 
capacitance  signal  proportional  to  the  tank  liquid 
level. 


contains  within  ii  ; act  h 

reliable  solid  state;  ' 

single  P.C.  boaui  c :. 
required  to  measui*  L • 
and  transmit  this  signal  h-  n 
digital  display. 


The  Capacitance  Liquid  Level  Gauging  System 
can  be  applied  to  both  conductive  and  non-con 
ductive  fluids.  Only  two  basic  components  are 
necessary  to  provide  accurate  and  reliable  level 
readings.  A transmitter,  which  mounts  directly  to 
the  storage  tank,  and  a digital  display  located  up 
to  1000  feet  away,  which  displays  a continuous 
level  reading. 


To  meet  intrir.sicall  sate  reo  me.i  ■ 
nutter  receives  its  pov>  < i fi  , . I 

Supply/Barrier  The  entires-.  ,u  ... 
connected  per  specification  s a;. . 
Factory  Mutual  for  Inti  rtsi  ill  Saf 
Class  I.  Division  1 . Group  D h i.  an. 


The  conductive  pro!.!  > to  .• 
'1%  over  full  range.  To  n.amt, 
is  essential  that  the  pu.t.-- i 
the  fluid  measured  is  r.l 


GPE's  Capacitance  Gauging  System  is  available 
in  two  model  options.  For  conductive  fluids,  such 
as  water,  wines,  acids  or  most  water-based 
products  with  a low  dielectric  constant,  a teflon 
insulated  cable  probe  is  used.  For  non-conductive 
fluids,  such  as  gasoline  or  petroleum  based 
liquids  with  a high  dielectric  constant,  a 
concentric  tube  probe  is  available. 


The  concentric  tube  probe  t ■' 
live  liquids  is  rated  at  i a 
installed  in  a rigid  vertical 
hottom  to  tank  top.  It  is  available 
sections  which  are  joined  togelhi  : 
length  required  For  extreme;  t ,.  - 
turbulent  tanks,  insulated  sup,  t i 
necessary  to  avoid  probe  damage  - 
output 


The  teflon  insulated  probe  Is  normally  anchored  to 
the  bottom  of  the  tank  and  extends  the  full  length 
of  the  tank  and  is  terminated  in  the  weatherproof 
transmitter  housing.  The  Model  31430  Transmitter 


TRANSMIT  E;R  SHOWN  Will 
CONCENTRIC  TUBE  PROBE 
USED  FOR  NON-COM  DUCTIVE 
FLUIDS 


TRANSMITTER  SHOWN 
WITH  TEFLON  INSULATED 
CABLE  PROBE  USED  FOR 
CONDUCTIVE  Ft  UIDS 
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BUOYANCY  TRANSMITTERS 
For  Liquid  Level  or  Density  Measurement 

-»  v nr  

i •-  -v 

fl- 


Fig.  B5692 

Model  I7B4  Pneumatic  Buoyancy  Tran 
m'liier  for  Top-of-Vene)  Mounting. 


Fig.  B5693 

Model  6I7B4  Electronic  Buoyancy  Trans- 
mitter for  Top-of-Vessel  Mounting. 


Fig.  B5694 

Model  I7B6  Pneumatic  Buoyancy  Trans- 
mitter for  Side-of-Vessel  Mounting. 


These  force-balance  transmitters  measure  and  trans- 
mit— pneumatically  or  electronically — liquid  level,  inter- 
face or  density  by  sensing  the  buoyant  force  exerted  by 
a displacer  element.  They  can  be  used  in  vented,  pres- 
surized, or  evacuated  vessels. 

Level  measurements  are  made  as  the  surface  liquid 
varies  over  the  length  of  the  displacer  element.  Dis- 
placers ore  available  in  lengths  from  J 4 to  120  inches, 
or  longer  where  required. 

Density  measurements  are  made  with  the  displacer 
element  completely  submerged. 

Level  and  density  change  caused  by  variations  in 
buoyant  force  are  converted  to  3-15  psi  or  10-50  ma  d-c 
signals  proportional  to  measurement.  Signals  are  trans- 
mitted to  standard  Foxboro  pneumotic  or  electronic 
CONSOTROL  receivers  which  can  be  mounted  up  to 
several  hundred  feet  away  ( pneumatic ) or  several  thou- 
sand feet  away  ( electronic ). 

There  are  four  basic  transmitter  models  in  the  senes 
Models  17B4  Pneumatic  and  617B4  Electronic,-  and 
Models  17B4'  Pneumatic  and  617B6*  Electronic. 


OPEN  OR  CLOSED  VESSEL  MEASUREMENT  Buoy- 
ancy transmitters  can  he  applied  to  level  or  density 
measurement  in  vented,  pressurized,  or  evacuated 
vessels  with  unsurpassed  repeatability  and  accuracy. 

•Where  process  requires  either  of  these  transmitters  can  lie 
installed  m a vertical  leg  external  (rum  the  vessel. 


MAINTENANCE-FREE  OPERATION  One-piece  flex- 
ures throughout  - no  knife  edge  pivots,  no  wear. 
Eliminates  routine  maintenance.  Side-of-vessel  ver- 
sion incorporates  flush  flexure-seal  at  flange  face 
no  collecting  pockets  lor  liquid  that  tend  to  solidifv 
or  compact. 

HIGH  PERFORMANCE  FORCE-BALANCE  OPERA- 
TION True  force-balance  operation  (motion  of 
element  i<  Jess  than  0.015  inch  for  full  measuring 
span)  means  no  element  travel  error,  virtually  no 
hysteresis,  excellent  repeatability  and  accuracy,  mini- 
mum dead  band. 


PROCESS  PROVEN  TRANSMITTER  This  is  the 
widely  accepted,  reliable  Foxboro  force-balance 
d p cell  Transmitter  mechanism.  Onlv  one  cali- 
bration procedure  for  complete  line  of  pneumatic 
and  solid-state  electronic  force-balance  transmitters 
for  pressure,  flow  or  liquid  level.  Common  parts 
minimize  inventor)  requirements. 

IN-PROCESS  CALIBRATION  Transmitter  can  be 
calibrated  simply  by  suspending  w eights  from  the 
upper  force  bar.  Simple  and  accurate  calibration. 


B 40 


E-2.18  LEVEL 


bOXBORO 


jSM  iWfij  iJM  iMilfilillfi  iMlSMiSM 


CAN  BE  USEO  FOR  DIRTY  OR  VISCOUS  LIQUIDS  NOT  AFFECTEO  BY  TURBULENCE-SINGLE  OR  TWO  STAGE  OPERATION 


MINIMUM  SPECIFIC  GRAVITY  0.5-MAXIMUM  TEMPERATURE  200  F 


TWO  STAGE  OPERATION 


Merced  displacer  controls  utilize  displacers  that  do 
not  float  on  the  suMace  Of  liquids  as  m conventional 
float  types,  but  stay  submerged  They  are  not  af- 
fected by  surface  agitation.  The  displacer  is  solid 
and  not  affected  by  pressure 


Series  795  4.  Two  Stage  Fixed 
Differentials. Adjustable  spread 
between  stages.  Mm  Specific 
Gravity  0.8  Max.  Temp.  200°. 


OPERATING  CHARACTERISTICS 

The  displacers  are  suspended  on  a cable  from  the 
armature  of  a magnetic  head  control  with  a spring 
partially  supporting  then  weight.  As  the  displacers 
become  submerged  in  a rising  liquid,  their  weight 
decreases,  allowing  the  spring  to  move  the  cable 
and  armature  upward,  thereby  actuating  the  mer- 
cury switches 

The  a splacers  are  secured  on  the  cable  by  clamps. 
Operating  levels  can  be  adjusted  by  loosening  the 
clamps  ana  moving  the  displacers  up  or  down  the 
cable  as  required  The  buoyancy  produced  by  the 
submerging  of  one  displacer  is  not  sufficient  to  al- 
low the  spring  to  raise  the  armature,  a second  dis- 
placer must  be  partially  submerged  before  any 
operation  occurs  on  a r.se  On  a drop,  however, 
the  cable  will  not  move  to  its  full  down  position  until 
the  level  falls  to  approximately  the  m/d  pom  I of  the 
lowest  displacer  for  B190  and  195-7  only  By  spac- 
ing the  displacers  ad/ustabie  level  operation  and 
various  stage  operations  can  be  piovided 


Upper  stage  operates  on  rise  • 
Upper  stage  operates  on  drop 


Adjustable  spread 
between  stages. 


Lower  stage  operates  on  rise 


Differential  Fixed 


Lower  stage  operates  on  drop. 


Senes  195  6 Adjustable  Dif 
f erenltal  each  stage.  Lower 
stage  operates  on  rise  at  same 
potnt  upper  stage  operates  on 
drop. 

Upper  stage  operates  on  rise 


Differential  adjustable 


-T—  ' CONSTRUCTION  — all  types  Standard  d s- 

placers  are  porcelain  iaiso  available  of  other  mate- 

rials).  Stops  316SS  Cable  to  ft  316  stainless  steel 

longer  lengths  available  All  enclosures  equipped  with  3 4' NPT  conoui!  connec- 
tion. Control  case  can  be  rotated  36h  to  fac  I tate  writing  Terminal  blocK  tor  elec- 
trical connections  Standard  Flange  4 * 12 5*  Cl— other  sues  and  materials  available 


Upper  stage  operates  on  drop 
Lower  stage  operates  on  rise 


Differential  adjustable 


Lower  stage  operates  on  drop 


ENCLOSURES 

GENERAL  PURPOSE  NEMA  1 Identified  by  letter  "G"  in  type  number  as  m 
19SG-4  Heavy  gauge  Steel  case  finished  m charcoal  gray 

WEATHER  RESISTANT  NEMA  2.3  Identified  by  letter  “W  m type  number 
as  m 195-4 W 

EXPLOSION-PROOF  suitable  for  Class  1.  Group  C 4 D Class  2.  Group  E,  F. 
& G NEMA  7 9 9A  Identified  by  the  letter  “E"  m type  number  as  in  195-4E. 
VAPOR-PROOF -EXPLOSION-PROOF,  loentified  by  letter  ,,EV"  in  type  num- 
ber as  m 195-4EV 

SINGLE  STAGE  OPERATION 

SINGLl  STAG!  CONTROLS  WILL  OPIRATI  AT  ANV  SPLCIF'C  GRAVITY  AND  TIMPt  R 
A TURI  LISTfD  IN  TASLiS  WITH  STANOARO  F ACTOR  V SITTINGS 

SERIES  A190— SINGLE  STAGE— Fived  Differential 


Max  Temp  200° F 


Senes  195-7.  Adjustable  D'f 
ferential  each  stage  Both  stages 
operate  at  same  point  on  level 
drop  but  operate  at  different 
points  on  level  rise. 

Upper  stage  operates  on  rise 


Differential  adjustable  I 


Lower  stage  operates  on  rise 


Upper  stage  operates  on  drop 
Lower  stage  operates  on  drop 


Max  Temp  200° F 


CfRCUfTS  AND  ELECTRICAL  RATINGS 


DROP 


RISE 


t OPEN 


Mercury 

Switch 

Conlarti 


T wo  Swiii  he*  < •> 

Over,  0r<  Drop  SrpJI 


Control  can  be  factory  tel  for  other  specific  gravities  -X 

Minimum  differential  (C)  can  be  reduced,  approximately  1*  by  removing  the  cab  »• 
clamp  from  between  Ihe  displacers  and  turning  the  lowe*  d.spiacer  so  the  f'flt 
side  is  up  If  a narrower  differential  it  needed,  use  a Type  A190  control 


othei  i mn 


T wo  Switches 


I l fCTR/CAl  RATING  - CAPACITY  IAUPFRFS1 


ALL  TWO  STAGE  TYPES  ARE  FACTORY  SET  FOR  A GIVEN 
SPECIFIC  GRAVITY  AND  TEMPERATURE  FOR  EACH  APPLICATION 

Specific  gravity  should  not  vary  more  fhan  r t from  factory  setting 
Temperature  should  not  vary  more  than  • SO  F from  factory  setting 
Nofe:  Single  stage  displacer  controls  w ill  tolerate  much  wider  fluctuations 
of  specific  graviry  and  temperature  as  indicated  m tables 

WHEN  ORDERING  Specify  Type  No  . Circwt  Suff  * No.  Specific 
Gravity  Pressure  A Temperature  limitation  ami  insertion  Dept hf si 
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merrury  filled  thermometers 


material 
& type 


conn. 


distant  reading 


6133RM 


lower 


onti  parolloi 
mo*  ivision 


phenol  turret 
black 

other  coses* 


■emote,  wc 
or  flush 
* /l 278  ni 


plote 

gloss 


conventional 


botanced 

adjust. 

block 


6035EM 


phenol 


adjust. 


superheater  ■ — distant  reading 


conventional 

yeltow 


remote,  wall 
or  flush 

w/1278  ring 


gray 

phenol 

turret 


6035RM 


convenlionol 

white 

with  black 
numerals 
ond 

red  set  hond 


superheater  "Any  Angle"  — direct  reading 


i gray  phenol 
t with  threaded 
| ring 


direct 


standard 


6055RM 


ithoul  lagging  ealenslon 


In  4’/j”  ond  6” 
sires  Two  level 
dial  design  with 
graduations  and 
pointer  on  the 
same  plane 
eliminates 
corollas  reading 
errors. 


INSERTION  IENGTM  U 

2vr.  4>/r.  7 Vi0.  io'/r 


INSERTION  LENGTH  "IT 
4 •/»’.  7*/," 


LAGGING  EXTENSION  T 
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Most  accurate  of  temperature  measuring  systems  for 
temperature  ranges  from  100  F to  - 600  F System 
consists  of  DYNATHERM  or  other  nickel-wound  resistance 
bulb  connected  by  standard  3 -conductor  cable  to  DYNA- 
LOG  resistance-type  receiver  located  up  to  several 
hundred  feet  from  the  point  of  measurement  ( see  pages 
A14-A22).  Changes  in  temperature  produce  changes 
in  resistance  which  ore  measured  by  a V/heatstone  bridge 
circuit  in  the  DYNALOG  instrument  Amplified  unbalance 
signal  actuates  DYNAROISE  drive  unit  to  rebalr  -e 
bridge  and  simultaneously  position  pen , pointer.  Irons 
nutter  unit,  control  device  or  other  instrument  component, 
uniformly  with  temperature.  Con  also  be  used  with 
Foxboro  ERB  Senes  Recorders  (see  pages  A2  3,  A2  4) 
For  conversion  of  resistance  measurement  to  10-50  mo, 
d-c  signal,  see  Model  694 A Converter,  next  page. 

Bulb  can  be  installed  bare  for  faster  response  required 
in  many  processes,  or  in  well — of  1/4 -inch  nominal  sue 
or  larger — for  added  protection  against  agitation,  ero 
sion,  corrosion,  and  pressures  in  excess  of  1000  psi,  and 
for  convenient  bulb  removal  without  interruption  of 


RESISTANCE  BULBS 


COVER 


UNIVERSAL  CASE 
INS1 RUMENTS 
ELECTRONIC 


TERMINAL  BLOCK 


SPRING 

CONNECT'ON 

HEAD 


LEADS 


pneumatic 

C0NS0TR01 

INSIRUMENTS 
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instruments 

PNEUMATIC 


PADDER ' 
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COILS 


CONNECTOR 


SPECIAL 
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ST*  NLESS 
STEEL 

aude: 
nS.  TIP 

SENSITIVE 

TIP  ^ 


F.g  B5239  Left  c-t<j-ay  v«w 
of  DYNATHERM  Bulb  and 
Wei!  Assembly.  Rig^t.  en- 
larged tL’*away  view  of  sen,, 
five  Tip. 


PANELS  L 
CABIN.'  TS 


DIGITAL 

SYSTEMS 


6SW 


PRESSURE 


EXCLUSIVE  DYNATHERM  BULB  FEATURES  Hurt  bu.: 
application  in  tu  ally  unlimited  through  atl-stamiess-sccel, 
iveJded-tip  bulb  construction  Withstands  ; ••  sun 
to  1000  p i Hirer  times  faster  in  rrspor.se  that, 
mounted  bulb.  Accuracy  ard  interchan^eabiltr-  ar-  .i  . 
by  use  of  precision -wound  padder  rr-istors  isolated  Ir- 
heat -sensitive  portion  of  bulb  Spring-,, .tdeJ,  lit -ye  v;.  * 
consttuc tn>n  provides  sustained  tip-tc-w'dl  romact,  fastest 
response,  maximum  brat  transfer,  "Urn  bulb  i*-  mounted 
in  well,  stainless  steel  P’ot/dur  tub  guarantees  dependable 
bulb  performance,  evrn  under  severe  conditions  tub » i 
bendable,  on  minimum  radius  of  2 im  m - f >r  installation 
in  difficulc-m-rcach  locations:  mall  u.y  /•.  r.  onlv  1 T-itoIi 
in  diameicr;  available  m ii.  ^rtion  icngtl  - from  5 mdir- 
to  10  feci  or  more,  sensitive  portion  is . oly  l->  Pinches!  •- 
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7 emf  r'.::  . e dijjrrerue  I'm 
for  any  given  temperature 
at  100  1 or  500  F.  Hence 
example. 


WEIGHT  TORCE 
TORQUE. 
DENSITY 


B524S 


HUMIDITY  L 
MOISTURE 


A DYNATHERM  Bulb  with  Well  l 

cast  aluminum,  weathet  pi  o<>f  head 
ring  seal,  cadmium-plan  1 non  <•> 


nooyci 

ANALYSIS 


B DYNATHERM  Bulb  with  Well  Id  - \ : ■11 

stainless  steel,  corrosion-  and  ssatrt pn head  v 
construction  with  sealed-in  table,  standaid  "ell 


Fig  B5247 


85246 


TELEMETERING 


C DYNATHERM  Bulb.  Bore  1 >b  I ; 

head  and  bulb  is  M6  stainlrs>  ‘•irel  >1  • > 

non -removable  head  t an  be  furnished  with 
bushings  or  with  anv-ptpt-M/c  b > : uur  ' dt 
extension  tubing 


Fig  B54B2 
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THERMOCOUPLES 
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Fig.  B549I 


Fig.  85*92 


Provide  widest  range  of  temperature  measurement  of 
any  measuring  system — from  os  low  as  -325  to  as  high 
as  -f  2800  P— * higher  than  can  be  measured  by  either 
filled  thermal  or  resistance  bulb  systems.  May  be  wire 
type,  with  both  elements  in  wire  form,-  or  PYOD  type,  with 
one  element  a closed  tube,  the  other  a wire  welded  to 
the  inside  bottom  of  the  tube;  or  MIN  OX  small-mass 
type  with  wire  elements  magnesium-oxide-msulated  in  a 
swaged  small-diameter  protective  sheath.  PYOD  couples 
can  be  used  bare  on  many  applications  where  wire- type 
couples  require  protection  tubes.  Tubes  are  available 
for  both,  however,  for  protection  against  extreme  tem- 
peratures, physical  damage,  and  contamination.  Thermo- 
couples are  available  in  the  following  materials: 


Copper-Consfanfan  Used  for  continuous  service  in 
measuring  temperatures  to  600  F;  intermittent  service  to 
700  F.  Available  as  wire  type,  or  as  I / 8 -inch  OD  midget 
PYOD,  or  as  MIN  OX  small-mass  type. 


QUALITY  CONSTRUCTION,  WIDEST  VARIETY  Thermo- 
couples are  manufactured  from  selected  and  tested  mate- 
rials and  matched  to  several  Foxboro  standard  calibration 
curves  based  on  a reference  temperature  of  75  F and  con- 
forming to  those  generally  listed  in  industry.  Couples 
and  accessories,  including  wells,  protection  tubes,  and 
extension  wires,  are  available  in  widest  variety'  of  sizes 
and  materials  to  suit  virtually  any  application,  see  Acces- 
sories— page  D5. 

A Wire  Type  Couple,  with  steel  well  and  universal  weather- 
proof head.  Connections — 3/4  NPT — may  be  made  with 
either  rigid  or  flexible  conduit.  For  tanks  or  pipes. 

B Wire  Type  Couple  with  protection  tube  and  universal 
connection  head.  Angie-type  assemblies  also  available. 

C Portable  Couple  of  the  Foxboro  pyod  type.  Constructed 
of  an  iron  tube  positive  element — sheathing  a constantan 
core  negative  element.  Provides  maximum  strength  and 
durabilitv.  Emf-producing  junction  is  fully  enclosed,  safe 
from  oxidation  or  contamination;  insures  exceptional 
accuracy. 


Iron-Constantan  W ire  type  used  for  continuous  serv- 
ice in  measuring  temperatures  up  to  1550  F and  for  inter- 
mittent service  up  to  1750  F.  PYOD  types  available  with 
9 /16-inch  OD,  T/4-inch  OD  Iboby  PYOD),  1 /8-inch  OD 
( midget  PYOD).  MINOX  small-moss  thermocouples  ore 
also  available.  Applications  include  liquids  and  molten 
metals. 

Chromel-Alumel  W ire  or  MINOX  small-mass  types. 
Used  for  temperatures  above  the  range  of  iron-constantan 
thermocouples.  For  continuous  service  up  to  2200  F 
and  intermittent  service  to  2300  F. 

Platinum  Rhodium-Platinum  Wire  ond  MINOX  smoll- 
moss  types.  Used  for  temperatures  up  to  2800  F.  Wire 
type  furnished  with  FLINTEX  porcelain  protection  tube. 


D Platinum  Couple  with  flintex  porcelain  protection 
tube. 

E Portable  Chromel-Alumel  Couple  for  use  in  molten 
aluminum.  Wires  are  not  joined  at  the  hot  end;  junction 
is  made  by  the  molten  metal.  Portable  assemblies  are 
available  for  all  types  of  couples. 

F Standard  PYOD  Couple,  with  protection  tube,  stuffing 
box.  and  connection  head  for  installation  indoors  on  fur- 
naces, ovens  or  ducts.  Supplied  with  weatherproof  head, 
if  desired. 

G MINOX  Thermocouples  Small  diameter  elements — as 
small  as  1 /16-inch  OD — for  use  where  space  is  limited. 
Small  mass  results  in  fast  response  to  temperature  change. 
Metal  sheath  and  magnesium  oxide  insulation  assure  com- 
plete protection  of  element  wires. 
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TILTING  TYPE 

SINGLE  POLE  - SINGLE  THROW 


ACTUAL  SIZE 


0.6  ampart  1 20  volt* 

1.25  »nfpere * 24  volts 
Differential  angle  20° 

1 Tilt  Action  • Slow 

* SWITCH  NO.  6-47 

WITH  METAL- END  CAPS 

One  electrode  »«  attached  to  each  metal  cao 
with  a small  gao  between  them  at  one  end  of 
the  tube  and  when  the  tube  is  tilted  in  that 
direction,  the  mercury  flows  and  bridges  the 
pep  to  close  a circuit.  When  tilted  in  the  op- 
posite direction,  the  mercury  flows  away  to  re- 
store the  gap  and  open  the  circuit.  Spring  clips 
or  holders  are  used  for  mounting  purposes. 


ACTUAL  SIZE 


TILTING  TYPE 

SINGLE  POLE  - SINGLE  THROW 


TILTING  TYPE 

SINGLE  POLE  - SINGLE  THROW 
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SP  ST 

4 amperes  120  volts 
2 amperes  240  volts 
1 amperes  440  volts  AC 
Non-Inductive  rating 
9 A.  1 20V.  4>'iA.  240 V. 
Differential  Angle  5° 
Tilt  Action  - Fast  or  Slow 
. Use  Clip  No.  7 57 

I.  SWITCH  NO.  9-61 


SP ST 

6 amperes  1 20  volts 
3 amperes  24 0 volts 
1 ampere  440  volts  AC 
Differential  Angle  2li° 
Tilt  Action  — Slow 
Use  Clip  No.  7-39 

i SWITCH  NO  9 78 


SP-ST 

1.75  amperes  120  volts 
0.6  ampere  240  volts 
Differential  angle  8° 
i Tilt  Action  - Fast  or  Slow 
■ SWITCH  NO.  6-65 

Sama  as  No.  6-47  described  above  except  with 
higher  electrical  capacity. 


4 amperes  120  volts 
2 amperes  240  volts 
1 ampere  440  volts  AC 
Differential  Angle  5° 

Tilt  Action  - Fast  or  Slow 
Use  Clip  No.  7-57 

h SWITCH  NO.  9-35 

ANTI -VIBRATION  SWITCH 
Minimizes  false  contact  under  severe  high  ire 
quency  vibrations.  (The  mils  shown  in  tha  fol- 
lowing valuas  era  actually  qoubla  the  amplitude 
60  mils  mains  30  mils  in  eaqh  diraction). 
Cy las  Per  Saco nd  Vibration  (Mils  .001") 

vertical.  Horizontal 

120  30  ; 25 

60  45  55 


SP-ST 

10  amperes  120  volts 
5 amperes  240  volts 
3 amperes  440  volts  AC 
Non-Inductive  Rating 
1 7 A.  1 20V-  240  V AC 
Differential  Angle  8° 
Tilt  Action  - Fast  or  Slow 
Use  Clio  No.  7-59 
l SWITCH  NO.  9-51 


SP-ST 

T ampere*  120  volt* 
0.5  ampera  240  volts 
Differentiel  angle  10° 
Tilt  Action  Fa*»  or  Slow 
Ute  Clip  No.  7-151 

SWITCH  NO.  9-65 


4 amperes  120  volt* 

2 amperes  240  volts 
1 ampere  440  volts  AC 
Differential  Angle  5° 

Tilt  Action  • Fast  or  Slow 
Use  Clip  No.  7 57 

i SWITCH  NO.  9-43 
MOMENTARY  CONTACT 
Electrodes  are  located  m tha  center  o<  tha  tuba, 
hence,  each  time  tha  *ube  is  tiitaq,  the  mercury 
flows  pe«  the  electrodes  to  orovide  a m omen- 
tery  "pulse". 


SP  ST 

25  amperes  120  volts 
15’/5  amperes  240  volts 
6 amperes  440  volts  AC 
Non-Inductive  rating  with 
Type  SF  leads  (page  41 
25  amperes  120  volts  2875  watts 
25  amperes  240  volts  5000  watts 
Use  Clip  No.  7-191 

1 SWITCH  NO.  9 55 
HEAVY  DUTY  SWITCH 


- ' . - ALL  TYPES  AVAILABLE  WITH  OR  WITHOUT  LEAOS  SEE  PAGE  60. 

MOUNTING  CLIPS  SEE  PAGE  60.  ENCAPSULATION  SEE  PAGE  60 


Marcoid  Hermetically  Sealed  Mercury  Switches  are  backed  by  over  fifty  years  of  engineering  know- 
how. The  switches  shown  in  this  bulletin  are  standard  items  and  can  be  varied  to  accomodate  any 
need  - such  as  longer  tube  lengths,  changes  in  electrodes  and  with  special  lead  construction. 
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only  one  moving  part 
for  trouble-free  performance 


wedge.  The  core  barrier  (3)  directs  the  in- 
coming fluids  up  through  the  inlet  slots  |4| 
expanding  the  tube  and  down  through  the 
outlet  slots  15)  The  flexible  tube  assures 
positive  shutoff  even  though  foreign  matter 
may  be  trapped  between  the  core  and  tube. 


The  flexible  GROVEX  tube  fl)  is  the  only 
moving  part  in  the  Grove  Flexflo  Silent  flex- 
ing action  of  the  tube  over  a core  (2)  is 
controlled  by  the  pressure  in  the  jacket 
space  (the  area  between  the  tube  and  the 
body) . The  flexflo  can  never  slam,  slick,  or 


a change  of  pilots  to  pressure  reducing,  back 
pressure,  relief  and  automatic  shutoff  ser- 
vice. as  well  as  motor  valve  operation  — 
reduce  inventory  stocks. 

• Dependable  The  Flexflo  is  ideally 
suited  for  emergency  or  mlrequent  opera 
fion  The  expansible  tube  gives  tight  shut-in 
during  long  periods  of  inaction  and  quick 
opening  on  demand  Unlike  conventional 
valves,  there  are  no  metal  to  metal  seals  or 
stem  packing  leakage  and  valve  sticking 
are  eliminated 

• Ease  of  Inspecfirn . Bolted  construction 
design  for  ease  of  mime  inspection. 


how  the  flexflcf 


operates 

Pressure  differential  controls  tube  travel. 
The  fixed  metering  orifice  "A"  and  variable 
orifice  pressure  regulator  "B"  control  tube 
differential. 

Pressure  is  controlled  smoothly  and  accu- 
rately. Shutoff  is  positive.  When  the  pres- 


B 


CLOSED 


Inlet  pressure  is  equalized  on  top  of  tube. 


B 


THROTTLING 


sure  reduction  is  critical,  wide  open  Dow 
occurs  when  the  pressure  on  top  of  tube  is 
reduced  to  one-half  inlet  pressure.  When 
pressure  reduction  is  sub-critical,  pressure 
on  top  of  tube  must  be  reduced  to  outlet 
pressure  for  wide  open  Dow. 
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TUBE  STARTING 
TO  LIFT 


B 


THROTTLING 


B 


STARTING 
TO  THROTTLE 


B 


WIDE  OPEN  — Pressure  on  top  of  tube  is 
equal  tG  downstream  pressure,  or  one-hall 
inlet  pressure  (see  above! . 
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Valve  Actuator 
electrical 
specifications. 
Syncropak  1400  series 
and  Syncroset. 


Rotork  A Range  electric  actuators  vvith 
their  O ring  sealed  enclosures  have 
established  an  enviable  reputation 
worldwide  for  reliable  operation  of 
motorized  valves.  The  advantages  of  the 
Syncropak  design  with  integral  control 
package  have  become  very  apparent  - 
reduced  costs  of  hardware,  building,  cabling 
and  installation,  with  simplified  engineering, 
procurement  and  field  start  up. 

Durmg  recent  years  the  increased  use  of 
Syncropak  actuators  in  automatic 
sequencing,  supervisory  and  computer 
control  systems  has  given  rise  to  a number 
of  additional  requirements  dealt  with  by 
spec,al  wiring  diagrams  As  a result  oj  this 
experience,  the  specification  of  Rotork 
Syncropak  is  n jw  further  advanced  by  the 
introduction  of  the  new  MOOsenes  of 
w.ring  diagrams  which  supersede  the 
present  1200  series  (1210  40  to  1 21 1-531. 
1400  series  Syncropak  not  only  covers  all 
the  nsic  control  requirements  as  hunerto 
but  also  readily  provides  fof  the  most 
sophisticated  supervisory  and  sequencing 
requirements  Use  of  these  standard 
tfiagrams  brings  all  the  added  advantages  of 
ready  availability  and  assured  reliability 
from  established  quality  contml  procedures 
on  proven  products 
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Rotork  Contoiisof  Canada  I muted 
55  Brisbane  Road 
Dnwnsview  Ontario 
Ml  ' 3 

te  t phone  14161  661  1200 
te  ' 5 21/760 

1,-2.  1 o ACTUATORS 


Rotork  Controls  Limited 
Bath  BA  1 3JQ.  England 
tp'ephone  (02251  78451 
tele  v 14R?3 
tables  Rotork  Oath 


• Simple,  basic  design  with  onl\  one  moving  i rt 
no  power  absorbing  gearing  • Double-vane.  i o 
a need  torque  design  • Fabricated  from  high  m- 
ity  steel  plate,  ground  to  precision  tolerance?.  • 
Composition  seals  for  leakproof  operation  at  high 
pressure  • Bronze  plates  on  rotor  vanes,  hmn/i 
bushings  on  heads  provide  low  friction  healing 
surfaces  • Rotor  stops  (externally  adjustable) 
limit  rotor  travel  for  specific  valve  application  • 
Bottom  bead  and  rotor  bore  maehmed  to  match 
top  v\(  iks  and  stem  of  any  valve 


• NO  CiF.ARlNOi  . provides  full,  direct  power 
to  valve  stem 

• AUTOMATIC  . . adaptable  to  any  type  of 

remote  control  signal 

• EASY  INSTALLATION  . . can  he  fitted  to 
any  valve,  at  anv  location 

• LOWER  MAINTENANCE/OPERATING 
COSTS  . . . only  one  moving  part 

• EASILY  CONTROLLED  OPERATING 
SPEED  . uses  optional  hydraulic  orifice 

• VALVE  PROTECTED  FROM  OVERLOAD 
DAMAGE  uses  optional  adjustable  relief 
valve 

• EMERGENCY  OPERATION  . . . manual 

pump  on  all  units  operates  actuator  during 
power  failure 

• NO  SIDE  THRUST  ON  VALVE  STEM  . 
operator  i<  mounted  directly  over  valve 

• "BALANCED  TORQUE"  achieved  by  Shafer's 
double  vane  design 


BULL!  TIN  RV  120 


E-2.29  ACTUATORS 


PRINCIPAL  OF  OPERATION 


SEIJI  ENCE  1 

The  operator  may  be  powered  by  line  pressure, 
stored  gas  pressure,  or  by  a central  hydraulic  sys- 
tem. In  this  diagram  the  operator  is  fitted  with  gas 
hydraulic  tanks  and  will  be  powered  by  line  pressure. 
However,  at  this  time,  the  operator  is  in  the  open 
position  and  there  is  no  pressure  in  the  operator 
or  tanks. 

SECJl'ENOK  2 

When  the  control  is  actuated,  line  pressure  is  ad- 
mitted to  the  closing  gas  hydraulic  tank  and  forces 
pressurized  hydraulic  fluid  through  the  hand  pump 
and  into  the  operator's  closing  port.  Pressure  equal- 
izing passages  allow  both  closing  quadrants  to  be 
pressurized  providing  balanced  torque  in  pushing 
the  vanes  away  from  the  stationary  shoes.  As  the 


rotor  and  vanes  rotate  clockwise  (to  close  position), 
the  oil  in  the  remaining  quadrants,  also  connected 
by  a pressure  equalizing  passage,  is  pushed  out  of 
the  operator’s  opening  port.-through  the  hand  pump 
and  into  the  opening  gas  hydraulic  tank.  Back 
pressure  in  the  opening  tank  is  allowed  to  vent  to 
atmosphere  via  the  control  exhaust  port. 

SEQl'ENCE  3 

W'hen  the  operator  reaches  the  fully  closed  position, 
the  control  will  neutralize  and  allow  all  remaining 
line  pressure  to  vent  to  atmosphere,  thus  neutral- 
,ng  tank  and  operator  pressure. 

OPTIONAL  LEVELING  CHECK  VALVE 
For  operators  used  in  a rapid  cycling  application, 
and  as  a customer  option,  a leveling  check  or  shuttle 
valve  is  installed  between  the  tanks.  During  normal 
operation  the  tanks  are  locked  apart,  but  during 
neutralization  a spring  centered  shuttle  valve  allows 
rapid  equalization  of  oil  levels. 
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ACTUATORS 


PRODUCT  FEATURES 


CONSTRUCTION 


• NO  G HA  RING  . provides  full,  direct  power  to 
valve  stem 

• AUTOMATIC  . . . adaptable  to  any  type  of  re- 
mote control  signal 

• EASY  INSTALLATION  . . . can  be  fitted  to  any 
valve  at  any  location 

• LOWER  MAINTENANCE/OPERATING 
COSTS  . . . only  one  moving  part 

• EASILY  CONTROLLED  OPERATING  SPEED 
. . . uses  optional  hydraulic  orifice 

• VALVE  PROTECTED  FROM  OVERLOAD 
DAMAGE. ..  uses  optional  adjustable  relief  valve 

• LOCKS  IN  ANY  POSITION  latch 

device  locks  valve  in  any  desired  position 

• EMERGENCY  OPERATION  manual  pump 
on  all  units  can  operate  actuator  during  power 
failure 

• MOUNTED  DIRECTLY  OVER  VALVF 
CENTERED  ON  VALVE  STEM  for  positive 
“Balanced  Thrust"  operation  with  ahgnnu ni 
compensating  coupling. 

BULLETIN  LV  130 

LINEAR  VALVE 


• Simple,  b i i<  de  gn  with  no  power-absorbing  gear* 
mg  !i> draulic  pr-ion  prim  iple  providt-s  fast,  smooth 
(Operation  without  hock  • Made  from  high  quality 
steel  plate,  ground  to  precision  tolerances  • Compo- 
sition seals  and  fibre  wipers  assure  leakproof  opera- 
tion at  high  pressure  • Low  friction  hearing  surfaces 
are  provided  by  a bronze  coating  on  the  piston  diam- 
eter and  bronze  bushings  in  the  heads  • Piston  is 
threaded  to  valve  stem  • Mounting  bracket 
machined  to  fit  valve  bonnet  or  yoke  tube  • Spe- 
cial latch  device  provided  to  lock  the  valve  in  any 
position  desired  • Snubbers  installed  for  wedge 
type  gate  valves 


4m 
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PRINCIPAL 
OF  OPERATION 

Full  brute  power . . . without  the  slightest  suggestion 
ol  shock.  That’s  the  story  behind  precision-built, 
quick-response  linear  valve  operators  by  Shafer. 
Hydraulic  pressure  is  applied  directly  to  the  valve 
stem  through  the  piston.  There  are  no  in-between 
gears  to  rob  the  operator  of  its  initially  developed 
power  or  to  slow  down  valve  response.  Operation  is 
fast,  positive  and  fully  reliable  every  time. 

Designed  specifically  for  gate  valve  installations, 
Shafer  linear  operators  feature  a special  double  latch 
device  for  locking  the  valve  into  any  desired  posi- 
tion. It  works  like  this:  Gas  pressure  forces  fluid  into 
the  operator  through  one  latch.  The  fluid  then  flows 
back  to  the  receiving  tank  through  the  other  latch 
which  had  been  opened  previously  by  hydraulic 
pressure  forcing  the  poppet  away  from  the  seat. 
When  the  pressure  is  removed,  both  latches  close, 
retaining  the  fluid  in  the  operator  and  locking  the 
valve  firmly  in  position. 


PERFORMANCE 

CHARACTERISTICS 

• Operated  remotely  or  automatically  by  a variety  of 
sensory  and  control  devices  • Can  be  furnished  with 
a wide  variety  of  high  or  low  pressure  pilot  control 
mechanisms  for  almost  any  safety  or  other  operation 
requirement  • Actuator  system  will  automatically 
close  valves  when  a line  break  occurs,  blow  down  an 
entire  station  if  fire  danger  is  imminent  or  function 
in  complex  storage  and  distribution  systems 


VALVE  FULLY  CLOSED 


LOCK  IN 
ANY  POSITION 
Shafer  Lineal  Operator 
Systems  feature  special 
latch  devices  to  lock  gate 
valves  in  any  desired  position 


VALVE  CLOSING 


E-2.32  ACTUATORS 


STANDARD  VALVE  CONTROL 


Available  for  Weather-Proof,  Submersible, 
Explosion-Proof  or  Nuclear  Containment  Service. 


E-2.33  ACTUATORS 


Full  Range  of 

Limitorque  Electrical  Control  Options 


- 


(Single  Compensating) 


Belleville  sprmg  assembly 

Q '.'em  n..t  emersion  and  tapped  to'ler 
tearing  rotate  with  stei)  nut  and 
i:  insTii!  thrust  tc  spring  pack 

Q indicate-  3 show  ,'unt  of  sprin 
conpress:cn  sian  .rd  on 
S5/S8D  0 and  larger 


Type  SBD 


(Double  Compensating)  J 


m • 

_ 

0 Belleville  spring  assembly 

O Stem  nut  extension  and  dual  tapered 
roller  bearings  rotate  with  stem  nut  and 
transmit  thrust  to  spring  pack. 

* Q Indicators  show  amount  ol  spring 
L;:  , ■k  comprcssinn  as  standard  on  ; 
r'“  • SB/SBDO  and  larger. 
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E-3 


SPECIFIC  COMPONENTS 


The  following  section  contains  supplemental  descriptions  of 
the  Equipment  Staging  Diagrams  and  Control  System  Diagrams 
of  Section  2.3,  "System  Characterizaton" . Each  of  the  com- 
ponents listed  on  the  ESD's  which  make  up  the  various  con- 
trol systems  is  dealt  with  individually.  A short  description 
and  purpose  paragraph  supplements  the  more  general  descrip- 
tions given  in  Section  E-l  of  this  Appendix.  The  following 
are  also  considered  for  each  component: 

• Reliability  Spill  Risk 

• Potential  Failure  Modes 

• Effects  of  Failure 

• Alternate  Procedures 

Standards  and  Regulations 

The  criteria  for  selecting  components  should  follow  the 
established  industry  standards  and  Federal  regulations 
listed  below.  This  is  not  to  be  considered  an  exhaustive 
list  since  it  is  limited  to  normal  applications  on  a Deep- 
water Port;  any  specialized  or  unusual  equipment  may 
require  other  standards  or  regulations. 


Code  of  Federal  Regulations 


33  C.F.R. 
33  C.F.R. 
46  C.F.R. 

46  C.F.R. 
46  C.F.R. 


149,  Subpart  C.  Pollution  Prevention  Equipment 

150,  Subpart  D.  Oil  Transfer  Operations 

111.80,  Special  Requirements  for  Certain 
Locations  and  Systems 

111.80,  Subpart  1.  Application 

111.80,  Subpart  5.  Wiring  Methods  and  Materials 
for  Hazardous  Locations 
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46  C.F.R.  - 111.80,  Subpart  8.  Intrinsically  Safe  Systems 
49  C.F.R.  - 195,  Transportation  of  Liquids  by  Pipelines 


Industry  Standards 

ANSI  B31.4  - Liquid  Petroleum  Transportation  Piping  Systems 
ANSI  B16.5  - Steel  Pipe  Flanges  and  Fittings 

API  RP500  - Electrical  Installations  at  Petroleum  Facilities 

API  RP550  - Manual  on  Installation  of  Refinery  Instruments 
and  Control  Systems,  Part  I and  II 

API  2534  - Measurement  of  Liquid  Hydrocarbons  by  Turbine 

Meter  Systems 

Maintenance 

The  analysis  of  the  data  collected  and  contained  in  this 
study  has  assumed  that  an  adequate  maintenance  program 
would  be  followed.  It  is  important  and  essential  to  the 
smooth  operation  of  any  Deepwater  Port  that  it  be  properly 
maintained.  V7ith  regard  to  the  components  that  make  up 
the  control  systems  described  in  this  report,  maintenance, 
for  the  most  part,  would  mean  replacement  of  faulty  or 
failed  components.  A program  of  preventative  maintenance 
involving  periodic  inspection  of  components  can  go  a long 
way  to  preventing  unnecessary  shutdown  and  interruptions. 
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11100 


DISCHARGE  OIL  FROM  TANKER  (Fig.  2-4) 
Line  Up  Tanker  Valve  System  (Fig.  2-5) 


The  control  systems  which  monitor  and  control  the  operation 
of  the  valves  can  be  either  pneumatic,  hydraulic,  or  electric. 
The  latter  appears  to  be  the  exception  due  to  the  hazardous 
nature  of  the  cargo  and  the  attendant  risk  of  electrical 
sparks . 

Whether  the  system  is  pneumatically  or  hydraulically  actuated 
is  immaterial  since  the  basic  principle  and  equipment  are 
similar.  Generally,  the  opening  and  closing  of  the  valves 
is  initiated  from  push  buttons  and/or  levers  in  the  remote 
control  room  where  all  controls  and  monitors  are  concen- 
trated on  a schematic  type  control  panel  or  desk. 

11101  Valve  Line  Up  Monitor 

11101/01  Remote  Indicator 

Description  and  Purpose  - These  panel  mounted  indicators 
tell  the  operator  whether  a valve  is  open  or  closed.  They 
may  be  an  electrically  operated  light,  or  a target  type, 
whereby  a disc  is  mechanically  moved  by  a feedback  pres- 
sure from  the  valve.  In  the  case  of  the  electric  light, 
an  interposing  pressure  sensitive  switch  is  necessary  to 
convert  the  pneumatic  or  hydraulic  feedback  signal  from 
the  valve  actuator. 

Reliability  Spill  Risk  - The  failure  of  a remote  indicator 
could  mislead  an  operator  into  believing  a valve  is  closed 
when  it  is  open  or  vice  versa.  Oil  would  then  be  routed 
incorrectly  to  a full  tank  or  unconnected  manifold  and 
result  in  a spill. 
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Potential  Failure  Modes  - Failure  of  a lamp  may  be  fairly 
frequent  but  easily  detected  since  most  panels  have  a 
built  in  lamp  testing  feature.  Failure  of  the  pressure 
mechanical  type  of  indicator  would  be  caused  by  leaks  in 
the  hydraulic  system. 

Effects  of  Failure  - No  chain  reaction  whereby  other  equip- 
ment may  be  affected  is  anticipated. 

Alternate  Procedure  - Reference  to  the  local  indicators 
built  into  the  valve  actuator  will  provide  the  required 
information . 

11101/02  Local  Indicator 

Description  and  Purpose  - Valve  control  systems  which  do 
not  include  a feedback  system  can  be  visually  checked  for 
position.  Usually,  a rod  fitted  to  the  main  stem  of  the 
valve  will  indicate  this,  or  if  the  valve  is  not  of  the 
rising  stem  type,  an  indicator  on  the  actuator  will  give 
the  required  information.  This  information  will  be  com- 
municated to  the  central  control  room,  usually  over  radio 
(walkie  talkie) . 

11102  Valve  Line  Up  Controller 

11102/01  Push  Button  Remote 

Description  and  Purpose  - On  tankers,  this  remote  control 
can  take  the  form  of  an  electrical  push  button  operating 
a hydraulic  signal  through  a solenoid  valve,  or  it  can  be 
a lever  which  directly  operates  a hydraulic  or  pneumatic 
valve.  The  purpose  of  these  controls  is  to  open  or  close 
the  valves  allowing  oil  from  the  various  ship's  tanks  to 
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flow  through  the  pump  suction  and  discharge  to  the  ship's 
manifold  on  dec?:. 

Reliability  Spill  Risk  - If  there  is  no  remote  indication 
of  the  valve  position,  the  failure  of  the  remote  control 
to  initiate  the  closing  or  opening  of  a valve  could  lead 
the  operator  into  incorrectly  believing  a valve  has  been 
actuated.  The  result  could  be  incorrectly  routed  oil, 
possibly  to  an  unconnected  manifold. 

Potential  Failure  Modes  - The  most  common  mode  of  failure 
of  push  buttons  is  the  wire  connections  becoming  discon- 
nected. A secondary  type  of  failure  would  be  the  wearing 
out  of  mechanically  moving  parts  inside  the  switch. 

Failure  of  hydraulic  or  pneumatic  valves  would  be  the 
wearing  of  seals  and  "0"  rings  causing  the  valve  to  mal- 
function. 

Effects  of  Failure  - If  not  resulting  in  an  obvious  spill, 
the  effects  of  failure  would  become  apparent  when  pressure 
at  the  pump  suction  fell  below  an  acceptable  level.  A 
time  delay  would  be  the  most  common  effect  of  failure. 

Alternate  Procedure  - With  the  failure  of  the  remote  con- 
trols, the  alternative  would  be  for  the  operator  to  go  to 
the  particular  valve  in  question  and  initiate  the  opening 
or  closing  locally. 

11102/02  Manual  Local 


Description  and  Purpose  - This  item  is  the  hand  wheel  or 
lever  provided  on  the  valve  to  manually  open  or  close  it. 
With  large-size  valves,  gearing  is  provided  to  reduce  the 


effort  required,  but  this  increases  the  number  of  turns  of 
the  hand  wheel  to  open  or  close  the  valve. 


Hydraulically  operated  valves  will  require  the  pumping  of 
a lever  in  order  to  provide  the  required  pressure  to  move 
the  valve. 

Reliability  Spill  Risk  - Since  this  is  a mechanical  oper- 
ation which  takes  place  at  the  valve,  no  spill  risk  is 
considered . 

Potential  Failure  Modes  - For  hand  wheels,  the  most  common 
failure  would  be  the  seizing  of  gears.  For  hydraulic 
actuators,  the  failure  of  seals  would  be  most  common. 

Effects  of  Failure  - Failures  described  above  would  result 
in  a time  delay,  while  the  cause  is  determined  and  the 
situation  corrected  and  brought  back  to  normal. 

Alternate  Procedure  - No  alternative  procedure  for  the 
local  operation  of  the  valve  is  possible. 

11102/03  Push  Button  Local 

Description  and  Purpose  - It  is  unlikely  that  electric 
actuators  would  be  employed  on  tankers  carrying  hazardous 
cargoes  so  the  local  push  button  considered  would  mechan- 
ically actuate  a hydraulic  or  pneumatic  valve  either  on 
the  actuator  or  mounted  adjacent  to  it.  The  purpose  is 
to  operate  the  valve  from  a local  position  in  the  event 
of  the  failure  or  absence  of  any  remote  control. 

Reliability  Spill  Risk  - No  spill  risk  is  envisaged  on 
failure,  unless  the  valve  is  to  be  closed  in  an  emergency, 
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then  the  resorting  to  manual  closing  would  take  longer  and 
the  chances  of  a greater  spill  are  increased. 


Potential  Failure  Modes  - Failures  would  be  caused  by  the 
leaking  seals  and  worn  out  mechanical  parts. 

Effects  of  Failure  - As  described  above,  failures  would 
only  result  in  a time  delay,  while  the  situation  is 
remedied  or  the  valve  operated  manually. 

Alternate  Procedure  - The  only  alternative  is  to  operate 
the  valve  manually. 

11102/04  Valve  Actuator 

Description  and  Purpose  - Hydraulically  or  pneumatically 
operated  valves  are  installed  on  the  latest  classes  of 
VLCCs  and  ULCCs.  The  actuators  for  rising  stem  types  of 
gate  valves  employ  a simple  cylinder  whereby  the  stem  is 
integral  with  the  piston  and  pressure  on  one  side  or  the 
other  will  move  the  valve.  Those  valves  requiring  a 
rotational  action  have  actuators  either  with  opposing 
cylinders  acting  on  a yoke,  or  hydraulic  vane  type  motors 
connected  directly  to  the  stem  of  the  valve. 

Reliability  Spill  Risk  - The  failure  of  a valve  actuator 
could  prevent  the  closure  of  a valve  and  in  the  unlikely 
event  of  nothing  else  being  able  to  prevent  it  (pump 
stopping,  closing  of  other  valves  in  the  system) , a spill 
would  occur. 


Alternate  Procedure  - If  the  valve  is  fitted  with  a hand 


wheel,  this  can  be  used  as  an  alternate  method  of  operation. 
However,  those  fitted  with  a local  manual  pump  would  come 
up  against  the  same  actuator  fault  of  leaking  seals,  etc. 

I 

11200  Move  Oil  Through  Tanker  System  (Fig.  2-6) 

11210  Start  Pumping 

Following  the  line  up  of  the  valves  and  tanks  on  the  tanker, 
the  request  to  start  pumping  must  come  from  the  terminal 
operators  who  have  lined  up  the  system  to  route  the  oil  to 
the  onshore  storage. 

Pump  room  operators  rely  a great  deal  on  pressure  indicators 
to  tell  them  how  the  pump(s)  is  performing'.  These  indicators, 
together  with  the  known  head  (level)  in  the  suction  tank, 
tell  them  the  approximate  rate  of  pumping. 

11211  Pressure  Monitor 
11211/01  Pressure  Indicator 

Description  and  Purpose  - Pressure  gauges  are  probably  the 
most  common  instrument  used  on  the  tanker.  They  are  an 
important  tool  and  provide  a variety  of  information  to  the 
operators . 

Reliability  Spill  Risk  - Most  gauges,  if  not  regularly 
maintained  and  calibrated,  can  give  false  readings  and 
mislead  operators.  Although  not  a part  of  a control  loop, 
they  do  serve  an  essential  function  in  the  movement  of  oil 
through  pipelines  and  their  malfunction  could  result  in 
unnecessary  action  being  taken. 
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Potential  Failure  Modes  - The  usual  cause  of  failure  in- 
volves the  gauge  being  subjected  to  pressures  greater  than 
those  it  was  designed  for.  This  has  the  effect  of  straining 
the  Bourdon  Tube  and  results  in  the  instrument  giving  false 
readings.  Other  causes  of  failure  would  be  the  effects  of 
corrosion  on  the  gearing  and  constant  pressure  fluctuations, 
as  on  a pump  discharge,  which  will  rapidly  wear  out  the 
internal  moving  parts. 

Effects  of  Failure  - No  chain  reaction  on  other  controls 
will  take  place. 

Alternate  Procedures  - Redundant  gauges  could  be  installed 
at  critical  locations  to  increase  the  overall  reliability. 

13211/02  Pressure  Transmitter 

Description  and  Purpose  - Pressure  transmitters  measure  the 
varying  pressures  in  a piping  system  and  transform  it  into 
a signal,  either  pneumatic  or  electric,  which  can  then  be 
"transmitted"  to  a remote  receiving  instrument.  Briefly, 
the  principle  of  operation  is  the  small  movement  produced 
in  a sealed  capsule  or  Bourdon  Tube  by  the  pressure  being 
measured,  this  in  turn  causes  movement  of  a force  balance 
beam  which  acts  on  a system  of  bellows  and  nozzles  for  a 
pneumatic  output  or  on  a moving  iron  for  an  electrical 
signal  output. 

Reliability  Spill  Risk  - False  signals  can  be  transmitted 
by  this  instrument  if  it  malfunctions.  Often  it  is  the 
measuring  part  of  a control  loop  and  can  therefore  have  an 
adverse  affect  on  a regulating  device.  This  type  of  instru- 
ment is  of  a proven  design  and  has  been  used  for  a number 
of  years.  Its  reliability  is  considered  to  be  good. 
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Potential  Failure  Modes  - Although  most  of  these  instruments 
are  fitted  with  an  over  pressure  protection  device,  this 
will  only  withstand  in  the  order  of  150  percent  of  the  max- 
imum of  its  design  range.  Failure  therefore  could  be  caused 
by  hammer  shocks  and  surges  in  the  piping  system.  Corrosion 
of  moving  parts  will  also  cause  failure  if  the  parts  are  not 
well  maintained. 

Effects  of  Failure  - The  pressure  transmitter  will  be 
either  a part  of  a control  loop,  or  will  provide  the  sig- 
nal for  a remote  indicator  or  recorder.  In  the  former 
case,  the  consequences  of  failure  would  have  a more  serious 
effect  - for  example,  causing  a controller  to  adjust  pump 
speed  either  up  or  down,  dependent  upon  the  malfunction. 

In  the  latter  case,  an  operator  could  be  misled  into  taking 
incorrect  action. 

Alternate  Procedure  - In  the  event  of  failure,  the  alter- 
native procedure  is  to  manually  read  pressures  and  make 
the  necessary  adjustments  by  hand. 

11211/03  Pressure  Recorder 


Description  and  Purpose  - Usually  mounted  on  a central 
control  panel,  this  instrument  receives  the  signal  from  the 
transmitter  and  records  it  on  a time-base  chart.  The  chart 
is  driven  by  either  a clockwork  mechanism,  or  an  electric 
synchronous  motor.  Two  basic  types  of  recorders  are  on  the 
market,  those  having  a circular  chart,  and  those  having  a 
strip  chart  which  is  more  compact  and  does  not  require 
frequent  chart  changing. 


The  mechanism  which  received  the  transmitted  signal  and 
drives  the  pen  is  a small  pressure  sensitive  bellows  or 


helical  wound  tube  for  the  pneumatic  types,  or  an 
electrically  amplified  ammeter  for  the  electronic  types. 
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Reliability  Spill  Risk  - The  reliability  of  a recorder  is 
good  if  properly  maintained.  Since  they  do  not  serve  as  a 
part  of  a control  loop,  then  a failure  would  only  affect  the 
record  itself. 

Potential  Failure  Modes  - Failure  would  be  confined  to  a 
faulty  chart  drive  or  a malfunctioning  pen  drive. 

Effects  of  Failure  - No  other  controls  would  be  affected  by 
failure.  Only  incorrect  records  would  result. 

Alternatve  Procedure  - No  alternate  procedure  would  be 
required,  unless  the  failure  threatened  to  be  long  term, 
then  manual  recording  would  have  to  be  done. 

11211/04  Pressure  Switch 

Description  and  Purpose  - Basically,  this  presusre  instru- 
ment works  on  the  same  principle  as  a pressure  transmitter 
whereby  the  movement  of  a bellows  or  capsule  operates  a 
switch.  Different  pressures  require  different  elements. 
However,  each  has  its  own  range  and  the  set  point  or  trip 
point  can  be  adjusted  within  that  range. 

The  purpose  of  the  pressure  switch  is  to  draw  the  attention 
of  operating  personnel  to  the  fact  that  a predetermined 
pressure  has  been  reached. 

Reliability  Spill  Risk  - These  instruments  are  considered 
fairly  reliable.  However,  if  one  was  to  fail,  it  would  not 
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initiate  the  appropriate  function  or  alarm.  Depending 
upon  the  application,  the  consequences  of  this  could  range 
from  a high  pressure  in  the  system,  to  the  cavitation  of 
and  damage  to  a pump.  The  risk  of  spill  is  minimal  since 
the  only  source  of  pressure  are  the  centrifugal  pumps  which 
usually  have  a shut  off  pressure  well  below  the  maximum  for 
the  piping,  and  fittings  in  the  system. 

Potential  Failure  Modes  - As  with  any  pressure  instrument, 
the  measruing  element  is  subjected  to  fluctuations  which 
eventually  will  fatigue  the  metal.  This  together  with 
corrosion  is  the  most  common  cause  of  failure. 


Effects  of  Failure  - By  not  alerting  personnel  to  a potential 
pressure  build  up,  the  effects  could  be  overpressurization 
of  other  equipment.  No  chain  reaction  within  a control 
loop  is  envisaged. 

Alternate  Procedures  - Immediate  replacement  by  another 
switch  would  be  the  most  effective  alternate  procedure. 


11211/05  Alarm 


Description  and  Purpose  - The  alarm  in  question  would 
probably  be  one  in  a bank  of  alarms  called  an  alarm 
annunciator.  These  would  be  a series  of  engraved  trans- 
lucent windows,  back-lighted  in  the  event  of  an  alarm 
condition.  The  light  will  flash  and  an  audible  signal 
such  as  a bell  or  buzzer  would  sound.  The  physical 
acknowledgement  of  the  alarm  by  pressing  an  appropriate 
button  will  silence  the  audible  signal  and  steady  the 
light.  The  light  will  not  extinguish  until  the  alarm 
condition  has  been  corrected. 
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annunciators  is  considered  good  apart  from  the  life  of  the 
lamps.  A test  button  is  provided  so  that  periodic  tests 
can  be  carried  out  to  determine  if  any  lamps  have  failed. 


Potential  Failure  Modes  - As  mentioned,  lamps  have  a 
limited  life.  These,  together  with  the  occasional  relay 
failure, are  the  potential  sources  of  failure. 

Effects  of  Failure  - The  failure  of  an  alarm  to  call  the 
attention  of  an  operator  will  mean  a delay  in  rectifying 
the  cause  of  the  alarm. 

Alternate  Procedure  - No  alternative  procedures  are 
envisaged  since  failure  goes  undetected. 

11212  Flow  Rate  Controller 

The  most  common  type  of  pump  driver  employed  on  VLCCs  is 
the  steam  turbine.  This  type  of  driver  has  the  advantage 
of  variable  speeds,  thus  being  able  to  control  the  rate  of 
pumping  over  a fairly  large  range.  Only  those  controls 
associated  with  the  pump  and  its  driver  are  considered 
here . 

11212/01  Speed  Indicator 

Description  and  Purpose  - A dial  type  tachometer  is  driven 
either  directly  from  the  drive  shaft  of  gear  box  or  from 
an  electrical  impulse  generated  by  a transmitter  mounted 
on  the  drive  shaft. 
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This  instrument  would  be  calibrated  in  revolutions  per 
minute  related  to  the  speed  of  the  pump. 
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Reliability  Spill  Risk  - No  spill  risk  is  envisaged  and 
the  reliability  is  considered  goo*.' 

Potential  Failure  Modes  - With  the  mechanical  drive  type  of 
instrument,  failure  would  most  likely  be  the  drive  cable. 
The  electrical  type  could  suffer  from  dirty  contacts  in  a 
pump  room  environment. 

Effects  of  Failure  - Lack  of  speed  indication  would  of 
course,  deprive  the  operator  of  a means  of  estimating  the 
quantity  of  oil  being  pumped. 

Alternate  Procedure  - A reduction  in  speed,  while  a repair 
is  affected,  would  be  the  most  acceptable  alternative 
procedure. 

11212/02  Speed  Regulator 

Description  and  Purpose  - A globe-type  valve  in  the  steam 
supply  line  to  the  turbine  would  be  the  normal  method  of 
regulating  the  speed. 

Potential  Failure  Mode  - Leaking  glands  would  be  the  most 
common  mode  of  failure.  A valve  could  fail  in  the  fully- 
open  position  in  the  extreme  case  of  a mechanical  breakage. 

Effects  of  Failure  - A badly  leaking  gland  would  involve 
the  shutting  down  of  the  operation  unless  a bypass 
system  is  installed.  If  a valve  failed  in  the  fully  open 
position,  overspeeding  of  the  pump  would  result. 

Alternate  Procedure  - A bypass  is  an  obvious  alternate,  if 
installed;  otherwise,  no  alternate  procedure  is  possible. 
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11213  Pu  -p  Protection  Devices 

As  with  any  large  and  expensive  installation,  the  minimal 
cost  of  protection  devices  is  well  worth  the  investment. 

11213/01  Overspeed  Trip 

Description  and  Purpose  - The  obvious  purpose  of  this 
device  is  to  protect  the  pump  and  its  driver  from  excessive 
speed.  A ball  and  spring  centrifugal  element  in  the 
governor  gives  the  signal  which  shuts  down  the  steam  supply. 

Reliability  Spill  Risk  - This  instrument  must  be  a reliable 
type.  However,  its  failure  would  cause  damage  to  the  pump 
and/or  its  driver.  The  overspeeding  of  the  pump  would 
increase  the  quantity  of  oil  being  moved.  This  together 
with  coincidental  states  of  tank  filling  and  booster 
pumping  could  result  in  a spill. 

Potential  Failure  Mode  - A sticking  governor  caused  by  dirt 
combined  with  old  oil  and  grease  is  a potential  source  of 
failure.  Ovher  sources  of  potential  failure  are  damage  or 
corroded  mechanical  linkage. 

Effects  of  Failure  - If  other  protective  devices  failed  to 
effect  a shutdown,  the  failure  of  the  overspeed  switch 
could  result  in  serious  impeller  and  bearing  damage  to  both 
the  pump  and  the  steam  turbine. 

Alternate  Procedure  - The  manual  shutting  do>n  of  the  system 
would  be  the  most  effective  alternative  procedure. 
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11213/02  Temperature  Switch 


Description  and  Purpose  - A flexible  capillary  tube,  liquid 
or  gas  filled,  transmits  the  signal  from  the  temperature 
sensing  bulb  at  the  pump  to  the  remote  switch.  The  switch 
is  actuated  by  the  movement  caused  by  the  expanding  gas  or 
liquid  in  the  thermal  system.  Adjustment  of  the  set  point 
within  a given  range  is  generally  a feature  of  this  instru- 
ment. 

Because  of  the  nature  of  the  equipment  it  is  to  protect, 
this  instrument  should  be  mounted  away  from  any  vibrations. 

Reliability  Spill  Risk  - If  failure  were  to  occur,  then  the 
pump  and/or  its  driver  could  suffer  damage  - a spill  local 
to  the  pump  could  happen. 

Potential  Failure  Mode  - The  constant  vibrations  inherent 
in  the  pumping  installation  could  fracture  the  capillary 
tubing.  If  this  were  to  happen,  the  switch  would  not  be 
ini  dated  in  the  event  of  high  temperature. 

Effects  of  Failure  - High  temperature  in  the  pumping  system 
would,  in  the  event  of  this  instrument  failure,  result  in 
damage  to  the  pump  and  any  adjacent  piping  equipment. 

Alternate  Procedure  - Only  where  it  is  obvious  to  an 
operator  that  temperatures  are  excessive,  can  the  alternative 
manual  shutdown  be  initiated. 

11213/03  Low  Lube  Pressure  Trip 

Description  and  Purpose  - For  the  description  of  this  instru- 
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ment,  refer  to  11211/04.  The  purpose  of  this  application 
is  to  protect  the  pump  and  its  driver  from  lack  of 
lubrication.  The  pressure  switch  continuously  monitors 
the  lube  oil  distribution  system  to  the  bearings  on  the 
pump  and  driver. 


Reliability  Spill  Risk  - Good  reliability  must  be  a factor 
in  the  selection  of  this  instrument.  The  possibility  of  a 
spill  is  minimal  with  the  failure  of  this  instrument. 


Potential  Failure  Modes  - Blocked  pressure  lines  to  the 
instrument  could  cause  the  nondetection  of  low  pressure. 


Effects  of  Failure  - The  effects  of  the  failure  of  this 
switch  would  not  be  immediately  apparent.  Eventually,  the 
bearings  of  the  pump  and  driver  would  seize  and  cause 
considerable  damage. 


Alternate  Procedure  - There  is  no  alternative  procedure 
apart  from  manual  lubrication  and  shutdown  if  the  fault  is 
visually  detected. 

11215/05  Alarm 

Refer  to  11211/05. 

11220  Switch  Tanks  on  Tanker 

The  class  of  tanker  being  considered  in  this  study  would 
have  a central  control  room  where  tank  levels,  valve  and 
pump  controls  would  be  displayed.  It  is  from  this  control 
point  that  operators  would  switch  tanks  to  the  suction  of 
the  cargo  pumps.  The  continuous  monitoring  and  display 
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of  levels  in  each  of  the  ship's  tanks  informs  the  operator 
when  to  change  from  one  tank  to  another.  This  would  be 
done  by  remotely  opening  and  closing  the  appropriate  tank 
valves . 

11221  Tank  Level  Monitor 

11221/01  Level  Indicator 

Description  and  Purpose  - Float  type  level  measurement  is 
used  in  ship's  tanks  but  these  are  susceptible  to  fouling 
with  crude  sludge  which  affects  the  buoyancy  of  the  float. 

A further,  less  expensive  but  more  reliable  method  is  the 
"Metri-Tape . " This  takes  the  form  of  a hollow  plastic  tape 
attached  to  the  side  of  the  tank.  As  the  level  rises,  the 
tape  is  squeezed  and  two  wires  running  the  length  of  the 
tape  make  contact.  A simple  resistance  measuring  circuit 
transmits  the  level  to  remote  indicators  in  the  control 
room. 

The  most  widely  used  system  of  level  measurement  in  ship's 
tanks  works  on  the  pneumatic  back  pressure  principle. 
Briefly,  the  pressure  required  to  pump  air  into  the 
bottom  of  a tank  having  liquid  in  it  can  be  related  to  the 
level  of  liquid  in  that  tank.  However,  since  crude  oils 
vary  in  specific  gravity  some  method  of  compensation  is 
employed.  Two  air  pressure  points  in  the  tank  are  used 
with  a known  distance  between  them.  The  difference  in  the 
pressures  together  with  the  known  distance  between  them, 
gives  a specific  gravity  correction  factor.  The  back 
pressure  transmitted  to  the  control  room  indicates  the 
tank  levels  on  panel-mounted  indicators. 
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Reliability  Spill  Risk  - Since  this  study  deals  only 
with  the  offloading  of  oil  from  a tanker  and  therefore,  the 
emptying  of  tanks,  there  can  be  no  spill  risk  attached  to 
this  instrument  at  the  tanker  itself. 

Potential  Failure  Mode  - Failure  of  the  pneumatic  feed- 
back system  due  to  tubing  corrosion  and  fracture  would  be 
the  main  cause  of  malfunction. 

Effects  of  Failure  - The  operator  would  be  deprived  of 
remote  indication  of  the  levels  in  the  tank(s).  In  most 
cases,  the  remote  readings  would  indicate  zero;  therefore, 
a failure  would  be  obvious. 


Alternate  Procedure  - It  is  common  to  employ  more  than  one 
of  the  level  measuring  devices  described  above.  If  all 
else  fails,  resort  to  measurement  by  manual  dipping. 


11221/02  Manual  Dippinc 


Description  and  Purpose  - This  method  of  level  measurement 
calls  for  hand  dipping  of  the  tanks  through  hatches  in  the 
ship's  deck,  sometimes  referred  to  as  ullaging.  The 
readings  are  relayed  over  walkie-talkie  radio  on  the 
control  room. 


11222 


Valve  Line  Up  Controller 


The  equipment  involved  in  this  procedure  is  the  same  as 
that  discussed  under  11102  and  reference  should  be  made 
to  that  section. 
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11223 


Valve  Line  Up  Monitor 


The  equipment  involved  in  this  procedure  is  the  same  as 
that  discussed  under  11101  and  reference  should  be  made 
to  that  section. 

11300  Shutdown  Tanker  System  (Fig.  2-7) 

11310  Stop  Pumping 

The  equipment  associated  with  this  procedure  is  the  same 
as  that  discussed  under  11210  and  reference  should  be  made 
to  that  section. 

11311  Pressure  Monitor 

Refer  to  11211. 

11312  Flow  Rate  Controller 

Refer  to  11212. 

11313  Pump  Protection  Devices 
Refer  to  11213. 

11320  Displace  Oil  from  Hoses/Loading  Arms 

To  avoid  spilling  oil  on  the  ship's  deck  when  the  hoses  or 
loading  arms  are  disconnected  from  the  ship's  manifold,  a 
procedure  of  drainage  and/or  blanking-off  must  be  followed. 
The  displacement  of  oil  in  hoses  under  normal  conditions 
is  not  required.  Refer  to  33CFR  150.421. 


11321  Pressure  Monitor 

11321/01  Pressure  Indicator 

This  instrument  is  identical  to  that  described  under  sec- 
tion 11211/01.  However,  the  purpose  of  this  pressure  gauge 

is  as  follows . This  gauge  will  indicate  the  absence  of 
positive  pressure  in  the  ship's  manifold,  and  therefore,  that 
it  is  safe  to  disconnect  the  manifold. 

11322  Hose/Loading  Arm  Drain 

11322/01  Manual  Procedure 

Following  the  completion  of  cargo  discharge  the  oil  in  the 
ship's  manifold  is  drained  back  through  the  ship's  piping. 
Where  the  DWP  is  a Sea  Island  with  loading  arms  these  are 
also  allowed  to  drain  back  through  the  ship's  piping.  In 
the  case  of  the  SPM  type  of  DWP , the  value  at  the  end  of 
each  hose  is  closed  before  disconnection  from  the  manifold 
takes  place.  After  disconnecting  an  SPM  hose  from  the 
tanker  manifold,  a blank  flange  is  bolted  on  to  the  end  of 
the  hose.  A small  "telltale"  valve  on  the  manifold  indicates 
when  drainage  is  completed. 

11330  Emergency  Pump  Shutdown  System 

In  the  event  of  an  emergency,  rapid  shutdown  of  the  ship's 
pumps  may  be  necessary.  A system  is  usually  installed 
which  will  shut  off  the  steam  supply  to  the  turbines. 

Switches  positioned  at  the  ship’s  manifold  and  in  the  con- 
trol room  will  actuate  a solenoid  valve  which  in  turn  will 
close  a valve  in  the  steam  supply  line  to  the  turbines. 

11330/01  Midship's  Remote  Pump  Shutdown  Switch 


Description  and  Purpose  - Strategically  positioned  at  the 
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manifold  for  easy  access,  but  also  protected  against  the 
environment  and  accidental  operation,  this  switch  would 
remotely  close  the  turbine  steam  supply  valve. 

Reliability  Spill  Risk  - The  reliability  of  this  control 
must  be  good,  otherwise  failure  to  initiate  a shutdown 
could  definitely  perpetuate  a spill  or  increase  the  risk 
of  one. 

Potential  Failure  Mode  - Corrosion  or  fracture  of  pneumatic 
tubing  would  be  the  main  causes  of  failure.  However,  a 
built  in  fail  safe  feature  would  be  an  asset. 

Effect  of  Failure  - Delay  in  initiation  of  pump  shutdown. 

Alternate  Procedure  - The  only  safe  alternative,  depending 
upon  the  degree  of  the  emergency  would  be  to  manually  shut 
down  the  pumping  system  in  the  pump  room.  Another  alter- 
native would  be  to  close  the  manifold  valves  and  rely  on 
the  protection  devices  to  effect  the  shut  down  of  the 
pumps.  This  method  carries  with  it  the  risk  of  equipment 
damage . 

11330/02  Control  Room  remote  Pump  Shutdown  Switch 

Description  and  Purpose  - This  control  is  the  same  as  that 
described  under  11330/01  except  that  it  is  mounted  on  the 
control  panel  in  the  control  room. 

113^0  Close  Tanker  Valves 


Refer  to  11100. 
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11341  Valve  Line  Up  Monitor 

11341/01  Remote  Indicator 


Refer  to  11101/01. 


11341/02  Local  Indicator 


Refer  to  11101/02, 


11342 


Valve  Line  Up  Controller 


11342/01  Push  Button  Remote 


Refer  to  11102/01. 


11342/02  Manual  Local 


Refer  to  11102/02. 


11342/03  Push  Button  Local 


Refer  to  11102/03. 


11342/04  Valve  Actuator 


Refer  to  11102/04. 


11400 


Tanker  Communication  System  (Fig.  2-3) 


Communications  within  the  tanker  during  operations,  i.e.f 
between  personnel  on  deck  and  those  in  the  control  room 
pump  room  is  by  portable  two-way  UHF-FM  radios.  Aboard 
ship  the  sound-powered  telephone  links  the  various  control 
and  operating  rooms  (Refer  to  CRF  46  Part  113.30). 
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Communications  between  the  tanker  and  the  deepwater  port 
during  approach  would  be  over  a VHF-FM  radio  system.  During 
docking  and  unloading  operations,  two-way  portable  FH  radios 
are  used,  operating  on  a different  channel  from  that  used 
on  the  tanker. 

11410  Radio 

11410/01  VHF-FM  (Marine) 

Description  and  Purpose  - Communications  equipment  and  fa- 
cilities on  a deepwater  port  must  meet  the  requirements  of 
47  CFR  81  and  83  and  each  portable  means  of  communication 
used  must  be  certified  under  46  CFR  111.30-5  for  operation 
in  a Group  D,  Class  1,  Division  1,  atmosphere. 

The  purpose  of  the  VHF-FM  is  to  communicate  the  tankers 
arrival  within  the  stipulated  vicinity  of  the  DWP  and  to 
arrange  arrival  and  docking  schedules. 

Reliability  Spill  Risk  - These  radios  have  a high  degree  of 
reliability  within  their  design  range.  No  risk  of  a spill 
on  failure  since  this  system  is  not  used  for  transfer  opera- 
tions . 

Potential  Failure  Mode  - Component  and  circuitry  failure  are 
the  most  common  mode  of  failure. 

Effects  of  failure  - Loss  of  communications. 

Alternate  Procedure  - A backup  short  range  radio  when  within 
range  would  be  the  alternative  procedure  to  follow. 


11410/02  Walkie-Talkie 


Description  and  Purpose  - Frequency  modulated  UHF-FM,  short 
range,  two-way  transceivers  which  a*-'-  hand  held,  usually 
having  two  channel  selection.  Their  purpose  is  communica- 
tion between  the  personnel  on  deck  and  dec!;  officers  during 
preparations  for  unloading. 

Reliability  Spill  Risk  - High  reliability,  if  not  abused. 

No  direct  spill  risk  involved;  indirect  risk  of  spill  through 
loss  of  communications. 

Potential  Failure  Mode  - Components  and  circuitry  failure 
are  most  common.  Batteries  running  down. 

Effects  of  Failure  - Loss  of  local  communications. 

Alternate  Procedure  - Replacement  of  faulty  set  or  replace- 
ment of  batteries. 

11420  Voice 

11420/01  Sound  Powered  Telephone 

Description  and  Purpose  - Located  at  strategic  location 
throughout  the  tanker,  this  system  provides  the  basic  com- 
munication system.  The  advantage  of  this  system  is  that  no 
power  source  is  required.  Apart  from  the  call-up  signal 
which  utilizes  a hand-operated  generator,  the  system  is 
sound  powered  (Refer  to  CFR  46  Part  113.30). 

Reliability  Spill  Risk  - Good  reliability  if  of  first  class 
quality.  Loss  of  communications  could  result  in  indirect 
risk  of  oil  spill. 
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Potential  Failure  Mode  - Component  failure,  particularly 
the  hand  generator  for  call-up. 

Effects  of  Failure  - Loss  of  local  communications. 

Alternate  Procedure  - Resort  to  walkie-talkie  radio  communi- 
cations. 


12000 

12100 


MOVE  OIL  THROUGH  OFFSHORE  PIPELINE  (Figs.  2-9  & 2-10) 
Line-Up  Offshore  System  (Fig.  2-11) 


Although  the  control  systems  associated  with  manipulation  of 
Hoses,  Loading  Arms,  and  Corrosion  Inhibition  are  not  directly 
related  to  the  control  of  the  Oil  Transfer  System,  they  are 
discussed  here  as  a matter  of  interest  so  that  a complete  and 
overall  view  of  a Deepwater  Port  and  its  major  components  is 
maintained. 

Hoses  and  Loading  Arms  - An  exhaustive  search  has  revealed 
that  it  is  not  normal  to  have  controls  on  the  hoses  con- 
necting an  S.P.M.  to  a tanker  manifold.  The  butterfly  valve 
installed  at  the  manifold  end  of  hoses  is  for  isolation  when 
disconnected  and  it  does  not  play  a part  in  the  control  of 
oil  transfer. 

The  fully  articulated  loading  arms  installed  on  modern  ter- 
minals are  hydraulically  driven  by  a system  of  pistons, 
cylinders,  rams  and  cables.  Three  movements  of  the  arms 
are  powered  by  these  systems : 

a)  Slewing  of  the  complete  arm 

b)  Raising  and  lowering  of  the  inboard  section 

c)  Raising  and  lowering  of  the  outboard  section 

The  controls  which  first  of  all  select  the  arm  to  be  maneu- 
vered and  then  perform  the  other  movements  are  concentrated 
on  a panel  usually  in  a small  building  adjacent  to  the  bank 
or  arms.  Owing  to  the  vast  freeboard  of  the  tankers,  it  is 
common  to  find  a set  of  duplicate  controls  mounted  on  a pen- 
dant box  located  at  the  end  of  at  least  two  of  the  arms,  the 
procedure  being  to  maneuver  the  first  arm  to  the  ship's  rail 
from  the  control  panel  on  the  platform  and  then  perform  the 
rest  of  the  operation  from  the  remote  pendant  control  on  the 
ship's  deck. 

To  save  time,  a Quick  Connect/Disconnect  Coupling  (Q.C.D.C.) 
may  be  fitted  to  the  end  of  each  arm.  This  eliminates 


the  time  involved  in  making  bolted  connections.  This  coupling 
is  also  hydraulically  operated  from  the  same  control  locations 
as  the  arms. 


Each  arm  is  fitted  with  a set  of  "Drift  Switches"  which  in 
the  event  of  ship  movement  beyond  certain  limits,  will 
initiate  alarms.  (Fig.  2-12) 

It  should  be  noted  that  all  loading  arms  are  fully  balanced 
by  counterweights  in  an  EMPTY  condition  and  under  no  circum- 
stances must  attempts  be  made  to  operate  them  while  full  or 
partially  full  of  oil. 

Corrosion  Inhibition  - Corrosion  Inhibition  in  large  crude 
oil  pipelines  is  not  considered  normal;  however,  where 
quantities  of  water  may  be  expected  to  be  mixed  with  crude 
oil  have  a high  content,  internal  corrosion  protection 

of  the  pipeline  may  be  considered  necessary.  Two  methods 
are  employed  using  an  amine  base  compound  which  gives  a 
chemical  protective  barrier  coating  to  the  inside  surface 
of  the  pipe.  The  first  method  is  to  introduce  a high  con- 
centration slug,  usually  between  "pigs,"  into  the  pipeline 
at  periodic  intervals.  The  second  is  to  continuously  in- 
ject a weaker  solution  of  10  to  50  ppm  of  the  inhibitor 
during  flowing  conditions. 
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Hose/Loading  Arm  Connection  to  Tanker  (Fig.  2-12) 


In  the  case  of  the  connection  of  hoses  from  an  S.P.M.  to 
a tanker,  the  hoses  will  be  full  from  the  pervious 
operation.  The  procedure  is  for  launches  to  bring  the 
floating  hoses  along  side  the  tanker  and  assist  in 
the  handling  of  the  hoses  to  the  ship's  manifold. 
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Prior  to  the  unlocking  of  the  Loading  Arms,  checks  must  be 
made  to  ensure  they  are  empty.  A low  range  pressure  gauge 
at  the  base  of  each  arm  will  indicate  the  level  of  oil,  of 
any,  in  the  loading  arm.  It  should  also  be  an  operational 
procedure  to  open  the  drain  valves  at  each  arm  just  as  a 
safeguard  against  a faulty  pressure  gauge. 

12111  Oil  In  Hose/Loading  Arm  Detector 
12111/01  Pressure  Indicator 

Description  and  Purpose  - This  instrument  is  identical  to 
that  described  under  Section  11211/01,  however,  the  purpose 
of  this  gauge  is  as  follows: 

The  following  applies  to  loading  arms  only,  hoses  are  not 
fitted  with  pressure  gauges.  Its  low  range  is  specifically 
selected  to  reflect  the  level  of  oil  in  the  loading  arm. 

During  normal  pumping  operations,  this  gauge  should  be 
isolated  to  avoid  overpressure  damage. 

12112  Hose/Loading  Arm  Drain 
12112/01  Manual  Procedure 

Hoses  are  not  normally  drained  of  oil  except  prior  to  a 
tropical  storm  (Refer  to  Fed.  Reg.  33.  150.421).  The  following 
applies  to  Loading  Arms  only. 

Operators  must  manually  open  vawes  at  the  base  of  each 
loading  arm  prior  to  unlocking  the  arm  stowing  mechansim. 

Not  until  all  oil  has  been  drained  from  the  arm  must  the 
drain  valve  be  closed. 

12120  Line-Up  Valves 

The  large  operational  valves  found  on  platform  complexes  are 
usually  electric  motor  operated.  This  operator,  generally 
called  an  actuator,  is  fitted  to  all  valves  of  12  inches  and 


over. 
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12121/01 


Valve  Line-Up  Controller 
Push  Button  Remote 


Description  and  Purpose  - This  control  would  be  located  in 
the  central  control  room  of  the  platform  complex.  It  would 
be  mounted  on  a control  panel  which  displays  a mimic  dia- 
gram of  the  oil  transfer  system  and  would  constitute  at 
least  two  illuminated  push  buttons  for  the  basic  open  and 
close  commands  to  the  valve. 

Feedback  from  the  actuator  limit  switches  illuminates  the 
switches  in  a sequence  indicating  fully  closed,  open  or 
with  both  buttons  illuminated  while  between  the  two  limits. 

Reliability  Spill  Risk  - The  reliability  of  this  remote  con- 
trol is  generally  good  and  with  the  feedback  indication  of 
the  valve  position,  no  risk  of  a spill  is  considered. 

Potential  Failure  Modes  - Wire  connections  to  the  switch  are 
the  most  common  mode  of  failure.  Lamps  also  have  a limited 
life  and  must  be  considered  as  a mode  of  failure. 

Effects  of  Failure  - Misleading  information  resulting  from 
a failure  could  cause  oil  to  be  routed  incorrectly. 

Alternate  Procedure  - Failure  of  remote  controls  would  call 
for  operating  the  valve  locally. 

12121/02  Push  Button  Local 

Description  and  Purpose  - Switches  are  built  into  the  valve 
actuator  which  initiate  the  opening,  closing  and  stopping  of 
the  valve.  Usually,  these  controls  are  of  a sturdy  manufac- 
ture and  sealed  against  the  elements. 
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Reliability  Spill  Risk  - Under  normal  operations  no  spill 
risk  is  envisaged  on  failure.  If  the  valve  is  to  be  closed 
in  an  emergency,  then  resorting  to  manual  closing  would 
take  longer  and  the  spill  risk  would  be  increased. 

Potential  Failure  Modes  - Failure  would  be  through  lack  of 
use,  where  moving  parts  would  seize  due  to  corrosion. 

Effects  of  Failure  - As  described  above,  failures  would  only 
result  in  a time  delay  while  the  situation  is  remedied  or 
the  valve  is  operated  manually. 

12121/03  Manual  Local 

Description  and  Purpose  - This  item  is  the  hand  wheel  provided 
on  the  valve  to  manually  open  or  close  it.  With  large  size 
valves,  gearing  is  provided  to  reduce  the  effort  required. 

Reliability  Spill  Risk  - Since  this  is  a mechanical  opera- 
tion which  takes  place  at  the  valve,  no  spill  risk  is  con- 
sidered. 

Potential  Failure  Modes  - The  most  common  failure  would  be 
the  seizing  of  gears  and  other  moving  parts. 
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Effects  of  Failure  - Failures  described  above  would  result 
in  a time  delay  while  the  cause  is  determined  and  the  situ- 
ation corrected  and  brought  back  to  normal. 
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Alternate  Procedure  - No  alternative  procedure  for  the 
closing  of  a valve  is  possible,  if  both  the  actuator  and 
hand  wheel  are  inoperative. 
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12121/04  Valve  Actuator 

Description  and  Purpose  - The  actuator  varies  in  size  and 
complexity  according  to  the  size  and  function  of  the  valve. 
Basically,  it  consists  of  an  electric  motor,  a gearing  sys- 
tem, limit  switches  and  local  push  button  controls.  All 
electrical  parts  are  housed  in  a explosionproof  enclosure 
in  accordance  with  CRF  46.111.80. 

The  function  of  the  actuator  is  to  open  and  close  a valve. 

Reliability  Spill  Risk  - None  during  line-up. 

Potential  Failure  Modes  - Burnt  out  motors  are  a common 
failure  caused  by  limit  switch  failure  or  by  seized  gearing 
or  valve  disc. 

Effects  of  Failure  - Failure  of  an  actuator  would  result 
in  a time  delay  in  operating  a valve  by  hand. 

Alternatie  Procedure  - The  only  alternative  is  to  operate 
the  valve  manually. 

12121/05  Limit  Switches 

Description  and  Purpose  - Limit  switches  can  take  many  forms. 
They  are  driven  from  the  gearing  of  the  actuator  and  can  be 
set  to  make  or  break  contacts  at  any  time  during  the  travel 
of  the  valve.  Limit  switches  ensure  that  the  valve  actuator 
stops  when  the  limits  of  open  or  close  have  been  reached. 

They  also  provide  feedback  for  remote  indication  of  valve 
positions  and  the  switching  necessary  for  interlocks. 
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Reliability  Spill  Risk  - Fairly  serious  consequences  could 
result  with  the  failure  of  limit  switches  and  mis-routing 
of  oil  could  end  in  a spill. 

Potential  Failure  Modes  - Dirty  contacts  or  the  effects  of 
corrosion  are  the  main  causes  of  failure. 

Effects  of  Failure  - Wrong  information  fed  back  to  an  oper- 
ator or  the  failure  to  effect  an  interlock  could  have  a 
chain  reaction  resulting  in  the  misrouting  of  oil. 

Alternate  Procedure  - Depending  upon  the  effects  of  failure, 
various  alternate  procedures  are  possible.  Primarily,  these 
would  involve  the  closing  of  other  valves  in  the  piping  sys- 
tem. 

12122  Valve  Line-Up  Monitor 

12122/01  Remote  Indicator 

Description  and  Purpose  - The  lamps  incorporated  in  the 
Push  Button  Remote  (11222/01)  are  the  remote  indication  of 
the  valve  position. 

Reliability  Spill  Risk  - Although  limited  in  life,  the  fail- 
ure of  a lamp  would  result  in  minimal  risk  of  an  oil  spill. 

Potential  Failure  Modes  - The  failure  of  the  lamp  itself  is 
the  most  common  cause.  Secondary  to  this  would  be  the  wire 
connections  to  the  lampholder 

Effects  of  Failure  - Failure  may  create  a short  delay  in 
operations  while  it  was  determined  by  the  lamp  test  button 
that  the  lamp  had  in  fact  failed 
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Alternate  Procedure  - A check  of  the  local  indicators  would 
soon  confirm  the  valve  position. 

12122/02  Local  Indicator 

Description  and  Purpose  - Valve  actuators  incorporate  a 
local  position  indicator.  This  indicator  is  driven  by  the 
gearing  in  the  actuator.  On  valves  employing  a rising  stem, 
a rod  fitted  to  the  top  of  the  stem  gives  a positive  indi- 
cation of  the  valve  state. 

Reliability  Spill  Risk  - None  during  line-up. 

Potential  Failure  Modes  - Mechanical  breakage  is  the  only 
potential  failure  mode  envisaged. 

Effects  of  Failure  - Failure  of  an  indicator  would  have 
little  effect  other  than  a short  delay  while  the  valve 
position  is  determined. 

Alternate  Procedure  - Remote  indication  on  the  central 
panel  will  give  the  valve  position. 

12200  Move  Oil  Through  Offshore  System  (Fig.  2-13) 

12210  Establish  Flow 

12211  Pressure  Monitor  (Fig.  2-14) 

12211/01  Pressure  Indicator 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/01. 

12211/02  Pressure  Transmitter 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/02. 
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12211/03  Pressure  Recorder 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/03. 

12211/04  Alarm 


This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/05. 

12212  Temperature  Monitor 

12212/01  Temperature  Indicator 

Description  and  Purpose  - This  is  a local  instrument  in- 
serted into  a pocket  in  the  pipeline  which  displays  the 
temperature  of  the  pipe  contents.  Usually  a mercury-in- 
steel type  is  used  where  the  expansion  of  the  mercury  in 
a stainless  steel  bulb  drives  the  pointer  mechanism.  Other 
types  employ  the  principle  of  variable  electrical  resistance 
with  temperature  change. 

Reliability  Spill  Risk  - Temperature  indicators  are  basic- 
ally very  reliable.  No  risk  of  an  oil  spill  on  failure. 

Potential  Failure  Modes  - Corrosion  in  the  pointer  driving 
mechanism  and  glass  breakage  are  the  most  frequent  failure 
modes . 

Effects  of  Failure  - Since  it  is  not  an  element  in  a con- 
trol loop,  the  effect  of  failure  is  inconsequential. 

Alternate  Procedure  - Replacement  of  the  faulty  instrument. 

I & j 
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12213 


Flow  Rate  Monitor  (Fig.  2-15) 


I 


The  monitoring  of  the  flow  rate  is  important  to  operators 
on  facilities  without  metering.  In  this  case,  the  flow  rate 
measuring  and  controlling  instruments  provide  the  only  means 
of  knowing  the  ship's  pumping  rate,  and  of  exercising  some 
degree  of  control  over  it.  Without  it,  the  terminal  is 
somewhat  at  the  mercy  of  the  ship's  personnel  who  are  not 
aware  of  the  platform  and  onshore  conditions. 

12213/01  Measuring  Devices 

The  measuring  devices  or  primary  elements  for  flow  measure- 
ments are  fully  described  in  the  introductory  section  of 
this  appendix.  This  application  would  normally  employ  an 
orifice  plate. 

Reliability  Spill  Risk  - The  reliability  of  the  orifice 
plate  is  excellent;  there  is  little  that  can  go  wrong  with 
it. 

Potential  Failure  Modes  - Sludge  blockage  of  the  pressure 
taps  in  orifice  flanges. 

Effects  of  Failure  - The  potential  failure  modes  described 
above  would  result  in  incorrect  flow  measurement  and  con- 
trol . 

Alternate  Procedure  - Determination  and  correction  of  fault 
by  reaming  pressure  taps-. 


12214  Flow  Rate  Controller 

12214/01  Flow  Indicator 

Description  and  Purpose  - This  is  a remote  panel  mounted 
instrument  receiving  an  electrical  signal  from  the  flow 
transmitter. 

Reliability  Spill  Risk  - A circuitry  failure  such  as  an 
electrical  short  in  wiring  and  solid  state  devices  usually 
results  in  a malfunction.  No  spill  risk. 

Potential  Failure  Modes  - As  described  in  Reliability  above, 
circuitry  failure  would  be  most  common. 

Effects  of  Failure  - Lack  of  true  flow  rate  indications. 

If  not  obviously  faulty,  operator  could  be  mislead  into 
taking  corrective  action. 

Alternate  Procedure  - Request  ship's  estimate  of  pumping 
rate  and  check  tank  filling  rate  over  a known  period  of 
time . 

12214/02  Flow  Controller 

Description  and  Purpose  - This  panel  mounted  electronic 
instrument  receives  the  signal  from  the  transmitter  and 
compares  it  with  a preset  "set-point"  and  produces  a 
corrective  signal  to  the  flow  regulator. 

Reliability  Spill  Risk  - Again,  a circuitry  or  component 
failure  would  result  in  a malfuction.  These  instruments 
usually  have  built  in  circuitry  which  will  cause  it  to 
fail  safe,  so  no  risk  of  spill  exists. 
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Potential  Failure  Modes  - Circuitry  failure  would  be  most 


common. 

Effects  of  Failure  - The  fail  safe  feature  would  prevent 
any  serious  effects  and  also  calls  the  attention  of  opera- 
tors to  the  situation. 

Alternate  Procedure  - Replacement  of  whole  instrument  or 
component  card.  Another  alternative  is  to  switch  to  manual 
control . 

12214/03  Flow  Transmitter 

Description  and  Purpose  - In  the  case  of  the  orifice  plate, 
the  transmitter  converts  the  pressure  differential  to  an 
electrical  signal  which  it  transmits  to  the  indicator  and 
controller  in  the  control  panel. 

The  sonic  transmitter  converts  the  speed  of  the  sonic  sig- 
nal into  an  electrical  signal  which  it  also  transmits  to 
the  panel  mounted  instruments. 

Both  these  transmitters  are  field  mounted  and  their  en- 
closure be  explosionproof  in  accordance  with  CRF  46.111.80. 


Reliability  Spill  Risk  - Electric  circuitry  failure  can  be 
common  but  with  the  selection  of  good  quality  instruments 
reliability  should  increase.  No  spill  risk  envisaged. 

Potential  Failure  Modes  - Circuitry  failure  would  be  most 


common . 


Effects  of  Failure  - Faulty  signals  to  the  controller  would 
result;  in  turn  this  could  cause  faulty  flow  regulation. 

Alternate  Procedure  - Replacement  of  the  whole  instrument 
would  result  in  a short  reduction  of  flow  rate.  While  this 
is  done,  manual  control  can  be  employed. 

12214/04  Flow  Regulator 

Description  and  Purpose  - This  component  in  the  flow  con- 
trol loop  is  the  valve  in  the  pipeline  which  receives  the 
corrective  signal  from  the  controller  and  regulates  the 
flow  by  either  opening  or  closing.  In  large  pipelines,  the 
conventional  type  of  pneumatically  actuated  globe  valve  can- 
not be  used.  These  are  limited  in  size.  Ball  valves  or 
parallel  plug  type  are  usually  employed  using  a conventional 
electric  motor  actuator. 

Reliability  Spill  Risk  - The  valve  itself  is  considered 
very  reliable;  however,  the  actuator  could  be  troubled  by 
electrical  circuitry  faults. 

Potential  Failure  Modes  - Electrical  failures  in  the  actu- 
ator as  a primary  mode,  leaking  seals  in  the  valve  would  be 
considered  secondary  failure  modes. 

Effects  of  Failure  - The  failures  considered  in  the  actu- 
ator would  probably  leave  the  valve  in  its  last  position. 
Leaking  seals  could  cause  "creeping"  in  the  valve  which 
would  soon  become  obvious  to  the  operators. 

Alternate  Procedure  - Resort  to  manual  control  while  fault 
is  corrected. 

Ei 


12220 


Sampling 

Although  not  a control  system  nor  a part  of  one,  automatic 
sampling  is  an  integral  part  of  any  custody  transfer  in- 
stallation. 

The  sample  of  crude  oil  taken  must  be  representative  of 
the  total  cargo  discharged.  The  normal  type  of  instrument 
extracts  a small  predetermined  quantity  for  each  unit  of 
flow  measured  either  by  itself  or  by  the  metering  system. 

The  sample  is  automatically  contained  at  the  line  pressure 
to  prevent  the  loss  of  light  ends.  Normally,  the  total 
size  of  sample  taken  is  between  two  and  five  gallons. 

12220/01  Sampler 

Description  and  Purpose  - Two  types  of  samplers  are  usually 
employed  on  large  throughput  terminals.  The  first  employs 
a propeller  inserted  into  the  pipeline  which  drives  a small 
rotating  pump,  the  volume  of  which  is  adjustable.  In  this 
method,  each  small  sample  taken  for  a given  number  of  pro- 
peller revolutions  yields  a total  sample  which  is  repre- 
sentative of  the  total  cargo  discharged. 

The  second  system  uses  the  signal  from  the  flow  transmitter 
(12214/03)  which  will  periodically  open  and  close  a small 
valve  for  a given  number  of  pulses  from  the  transmitter. 

Again,  this  results  in  a total  sample  which  is  representa- 
tive of  the  total  cargo  discharged. 

12230  Booster  Pumps  Controls  (Figs.  2-16  & 2-17) 

The  purpose  of  a booster  pump  station  is  to  assist  the 
tanker  cargo  pumps  in  moving  the  crude  oil  to  shore  storage 
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tanks.  They  become  necessary  when,  due  to  long  distances 
the  friction  in  the  submarine  pipelines  is  too  great  for 
the  ships'  pumps  to  overcome.  One  of  the  major  difficulties 
in  the  design  and  operation  of  booster  pump  stations  is  that 
the  output  from  the  ship  with  all  its  variations  of  flow 
rate  and  pressure  due  to  tank  changing  and  levels,  is  the 
input  to  the  booster  pumps.  Controls  are  necessary  so  that 
the  booster  pumps  can  closely  follow  the  variations  from 
the  ship.  These  controls  continuously  monitor  the  suction 
and  discharge  pressures  and  the  discharge  flow  rate  of  the 
booster  pumps,  and  control  the  input  by  regulating  control 
valves . 

Apart  from  these  controls  on  the  crude  oil  system,  the 
pumps  and  their  drivers  are  fitted  with  a variety  of  con- 
trols and  protective  devices. 

12231  Pressure  Monitor 

12231/01  Pressure  Indicator 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/01. 

12231/02  Pressure  Transmitter 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/02. 

12231/03  Pressure  Recorder 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 112  /03. 
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12231/04  Pressure  Switch 


This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/04. 

12231/05  Alarm 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/05. 

12232  Temperature  Monitor 
12232/01  Temperature  Indicator 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 12212/01. 

12233  Flow  Monitor 
12233/01  Flow  Element 

This  element  is  described  under  Section  12213/01. 

12234  Flow  Rate  Controller 
12234/01  Flow  Transmitter 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 12214/03. 

12234/02  Flow  Controller 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 12214/02. 
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12234/03  Pressure  Controller 


Description  and  Purpose  - This  is  a panel  mounted  elec- 
tronic instrument  which  receives  the  signal  from  the  pres- 
sure transmitter  and  a preset  "set-point"  produces  a cor- 
rective signal  to  the  signal  selector.  In  all  other 
aspects,  the  instrument  is  identical  to  that  described 
under  Section  12214/02 

12234/04  Signal  Selector 

Description  and  Purpose  - This  instrument,  which  is  panel 
mounted,  accepts  the  signals  from  these  sources: 

a)  The  suction  pressure  controller 

b)  The  discharge  pressure  controller 

c)  The  flow  controller 

It  selects  the  signal  calling  for  the  greatest  correction 
and  passes  it  on  to  the  regulating  valve  in  the  discharge 
piping. 

Reliability  Spill  Risk  - A circuitry  or  component  failure 
would  result  in  a malfunction.  These  instruments  usually 
have  a built-in  fail  safe  feature.  No  risk  of  spill  exists. 

Potential  Failure  Modes  - Circuitry  failure  would  be  the 
most  common. 

Effects  of  Failure  - The  fail  safe  feature  would  freeze 
the  output  signal  and  no  further  regulation  would  be  pos- 
sible . 

I 

t 


P- 1 4 1 


Alternate  Procedure  - Replacement  of  parts  or  whole  instru- 
ment. Alternatively,  manual  control  would  take  over  for  a 
short  while. 


12234/04  Flow  Regulator 
Refer  to  12214/04. 

12235  Pump  Protection  Devices 

Various  built-in  protection  devices  are  necessary  to  prevent 
damage  to  the  pump  and  driver.  These  devices  will  automa- 
tically shut  down  the  pump  when  a preset  point  has  been 
reached.  Pumps  fitted  with  mechanical  seals  on  the  impeller 
shaft  have  a system  whereby  any  leakage  is  channeled  to  a 
chamber  having  a level  switch,  and  when  a certain  level  is 
reached,  the  pump  will  be  shut  down.  A small  bleedoff  from 
the  chamber  will  prevent  initiation  of  shutdown  by  small 
accumulating  leaks  which  are  considered  normal.  A vibration 
switch  will  detect  abnormal  vibration  caused  through  imbal- 
ance of  the  rotating  parts  due  to  accumulated  sludge  or  wax. 
A differential  pressure  switch  continuously  monitors  the 
difference  between  the  suction  and  discharge  pressures  and 
is  set  to  trip  at  a predetermined  high  pressure.  This  indi- 
cates that  the  pipe  has  been  restricted  on  the  downstream 
side  of  the  pump,  probably  due  to  the  accidental  closure 
of  a valve. 

An  air  eliminator  is  generally  mounted  in  the  pipeline. 

This  has  the  effect  of  momentarily  slowing  down  the  flow 
and  allowing  any  air  to  escape  and  accumulate  at  the  top 
of  the  tank  where  it  is  bled  off. 


Most  of  these  devices  which  cause  a shutdown  also  initiate 
an  alarm  on  a remote  panel.  This  not  only  notifies  the 
operator  of  the  shutdown,  but  also  identifies  the  cause. 

12235/01  Level  Switch 

Description  and  Purpose  - This  is  the  float  and  arm  type  of 
level  switch  which  operates  a mercury  switch  in  an  explo- 
sionproof  enclosure  when  the  critical  level  is  attained. 

Reliability  Spill  Risk  - Although  normally  reliable,  the 
material  of  the  float  should  be  carefully  chosen  to  be  im- 
pervious to  crude  oil  and  its  various  properties.  Otherwise, 
it  is  reliable  and  spill  risk  is  negligible. 

Potential  Failure  Modes  - Corrosion  and  leaking  of  the  float. 

Effects  of  Failure  - The  pump  would  continue  to  run  and  the 
mechanical  seal  would  be  further  damaged.  A minor  spill  may 
occur. 

Alternate  Procedure  - This  will  mean  the  shutdown  of  the 
pump  for  a period  of  time  while  repairs  were  effected 

12235/02  Vibration  Switch 

Description  and  Purpose  - A vibration  switch  comprises  a 
series  of  spring  steel  reeds  of  varying  thickness  enclosed 
in  a switch  housing  and  attached  to  the  body  of  the  pump. 

The  set  point  can  be  adjusted  to  the  degree  of  vibration 
which  will  cause  certain  of  the  reeds  to  vibrate.  The  reeds 
make  electrical  contact  and  initiate  the  shutdown. 


to  the  pump  rather  than  an  oil  spill. 


Potential  Failure  Mode  - Corrosion  of  the  reeds  would  cause 
a failure. 

Effects  of  Failure  - Whatever  the  cause  of  the  vibration, 
if  it  continues,  then  the  pump  and  its  driver  would  be 
damaged. 

Alternate  Procedure  - The  cause  of  the  vibration  must  be 
determined  and  any  damage  rectified.  This  will  put  the 
pump  out  of  service  for  a period  of  time. 

12235/03  Differential  Pressure  Switch 

Description  and  Purpose  - The  principle  of  pressure  measure- 
ment by  bourdon  type  as  described  under  Section  11211/01 
is  used.  However,  since  two  pressures  are  to  be  measured, 
two  opposing  tubes  are  used  and  the  difference  in  their 
movements  is  the  result  of  the  differential  pressure.  This 
movement  trips  mercury  switches  which  in  turn  initiate  the 
shutdown  and  alarm. 

Other  aspects  of  this  instrument  are  as  described  under 
Section  11211/04. 

12235/04  Air  Eliminator 

Description  and  Purpose  - its  function  is  to  eliminate 
entrained  air  from  the  crude  oil  before  it  passes  through 
the  pump.  The  principle  is  the  same  as  the  float  and 
arm  of  a level  switch  but  instead  of  actuating  a switch, 


E-3.46 








\ 


a valve  is  opened  on  low  oil  level  and  the  air  is 
exhausted  by  line  nressure.  The  valve  closes  as  the  level 
rises . 

Reliability  Spill  Risk  - The  material  of  the  float  must  be 
carefully  chosen  to  be  impervious  to  crude  oil.  Reliability 
is  considered  good  but  there  is  a risk  of  a minor  spill  in 
the  event  of  failure. 

Potential  Failure  Modes  - Leaking  of  the  float  will  cause 
excess  air  to  accumulate  and  eventually  find  its  way  to  the 
pump.  A sticking  valve  could  have  the  same  effect  if  stuck 
closed  or  it  could  cause  a minor  spill  if  stuck  open. 

Alternate  Procedure  - The  closing  of  an  isolating  valve 
installed  after  the  release  valve  would  stop  a further 
spill  of  oil.  The  system  should  be  shut  down  while  the 
air  elimination  is  replaced  or  repaired. 

12235/05  Alarm 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/05. 


12240 


Relief  of  Pressure  Surges  (Figs.  2-18  & 2-19) 


The  purpose  of  this  system  is  to  protect  the  piping  and 
equipment  from  sudden  high  pressures  caused  by  hammer  shocks 
as  a result  of  rapid  valve  closure  during  high  flow  rates. 
The  large  quantity  of  fluid  to  be  relieved  in  order  to  re- 
duce the  pressure  to  a safe  level  prohibits  the  use  of  the 
conventional  type  relief  valve.  The  type  of  relief  valve 


normally  installed  the  "Flexflow"  valve  manufactured  by 
"Grove".  This  valve  is  simple  in  principle  and  only  has 
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one  moving  part  - a flexible  neoprene  sleeve.  The  line 
fluid  will  not  flow  past  this  sleeve  until  there  is  suffi- 
cient pressure  to  lift  it  against  the  pneumatic  pressure 
applied  on  the  outside.  The  pneumatic  pressure,  therefore, 
determines  the  relieving  set  pressure. 

The  size  and  number  of  valves  to  be  employed  is  a function 
of  the  quantity  of  oil  to  be  relieved  and  the  minimum  time 
in  which  this  can  be  done.  Each  valve  has  its  own  indivi- 
dual characteristics  and,  therefore,  requires  individual 
testing  "in-situ"  to  determine  the  pneumatic  pressure  re- 
quired for  a given  relieve  pressure.  In  order  to  do  this, 
isolating  valves  and  pressure  test  connections  are  required 
upstream  of  each  relief  valve. 

e pressures  involved  are  much  higher  than  the  normal  100 
psig  instrument  or  maintenance  air  found  on  some  Sea  Islands 
Unless  a high  pressure  air  system  is  available,  the  normal 
practice  is  to  use  an  inert  gas  such  as  nitrogen  in  banks 
of  commercially  filled  containers.  A system  of  leakproof 
small  bore  piping  and  valves  supplies  the  gas  pressure  from 
a bank  of  cylinders  to  the  relief  valves.  Due  to  the  indi- 
vidual characteristics  of  the  relief  valves,  the  supply  to 
each  must  be  separately  adjusted  with  a pressure  regulating 
valve.  A pressure  switch  monitoring  the  supply  pressure  of 
the  gas  will  initiate  an  alarm  on  low  pressure.  Standby 
cylinders  would  then  be  opened  to  the  system. 

The  surge  vessel,  in  order  to  absorb  the  relieved  quantity 
of  fluid  in  a short  period,  must  be  fitted  with  large  vents. 
To  prevent  an  overflow  through  these  vents,  a level  switch 
detects  high  level  in  the  vessel  and  causes  an  isolating 
valve  to  close.  This  same  protective  system  will  come  into 
play  in  the  event  of  pneumatic  pressure  failure  allowing 
fluid  to  pass  the  relief  valves. 
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The  following  is  a short  discussion  on  the  conditions  neces- 
sary to  create  a surge. 

Pressure  surges,  sometimes  called  "water  hammer",  can  be 
created  by  the  rapid  opening  or  closing  of  a valve,  or  by 
the  rapid  starting  or  stopping  of  a pump.  If  the  velocity 
of  the  liquid  flowing  in  a pipe  is  suddenly  diminished,  then 
the  energy  given  up  by  the  liquid  will  be  absorbed  by  com- 
pressing the  liquid  by  stretching  the  pipe  wall  and  by  fric- 
tional resistance  to  pressure  wave  propagation. 

"Water  Hammer"  is  a series  of  pressure  pulsations  often  ac- 
companied by  a sound  comparable  to  that  of  striking  the  pipe 
with  a hammer.  When  a valve  is  closed  rapidly  against  a 
flowing  liquid,  the  pressure  is  suddenly  increased  on  the 
upstream  side  causing  a high  pressure  wave  to  travel  up- 
stream of  the  valve.  Likewise,  on  the  downstream  side,  the 
pressure  is  suddenly  reduced  and  a vapor  pocket  may  be  formed. 

This  cavity  will  eventually  collapse  and  produce  a high  pres- 
sure wave  which  travels  downstream  of  the  valve. 

A formula  has  been  developed  which  gives  the  velocity  of  the 
pressure  wave  in  the  pipe  where  the  valve  has  been  closed 
instantaneously. 


Vp 


1 

1 + 


Kd 

Ee 


(1) 


where : 


V 


P 

K 


= Velocity  of  the  pressure  wave.  Ft. /Sec. 

= Bulk  Modulus  of  Compressibility 
water  = 300,000  psi 
oil  = 2,000  to  225,000  psi 
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g = Acceleration  due  to  gravity  = 32.2  Ft/Sec. “ 
u = Specific  weight  of  the  liquid  lbs./cu.  ft. 

E = Modulus  of  Elasticity  of  the  pipe  material 
steel  = 30,000,000  psi 
d = Inside  diameter  of  the  pipe  in  inches 
e = Thickness  of  pipe  wall  in  inches 


The  following  formula  gives  the  magnitude  of  the  pressure 
produced  by  arresting  the  velocity  of  liquid  in  the  pipe: 


P = 


wV 

g 


v 

p 


l 

144 


(2) 


where : 


p = Pressure  in  psi 

w = Specific  weight  of  liquid  lbs./cu.  ft. 

2 

g = Acceleration  due  to  gravity  = 32.2  Ft. /Sec. 
Vp  = Velocity  of  the  pressure  wave  Ft. /Sec. 

V = Initial  Velocity  of  Liquid  Ft. /Sec. 


The  following  formula  gives  the  time  it  takes  the  pressure 
wave  to  travel  along  the  pipe  and  return  to  the  closed  valve. 


t 


21 

V S 
P 


(3) 


where:  t = Total  closing  time  of  valve  (sec.) 

it  = Length  of  pipe  (Ft.)  ** 

V = Velocity  of  the  pressure  wave  (Ft. /Sec.) 

P 

S = Empirically  determined  multiplier  (indicates 

fraction  of  total  valve  closing  action  affect- 
ing the  flow  velocity  = .15*  ) 


* The  initial  85%  of  valve  closure  does  not  significantly 
contribute  to  the  initiation  of  a pressure  surge. 
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**  is  the  length  of  line  between  the  valve  in  question 

and  the  origin  of  flow  (storage  tank,  pump)  or  the  near- 

est upstream  surge  suppressor  (surge  tank,  surge  relief 
valve,  check  valve,  etc.) 

Equation  (3)  gives  the  critical  time  for  the  closing  of  the 
valve.  If  the  valve  closes  in  a shorter  time  than  "t",  then 

a pressure  wave  will  be  created,  the  magnitude  of  which  is 

determined  by  equation  (2) . It  can  be  seen  from  equation 
(3)  that  the  longer  the  pipeline,  the  slower  the  valve  clo- 
sure must  be  to  avoid  a pressure  wave. 

12241  Surge  Relief  Availability  Control 

12241/01  Valve  Actuator 

The  purpose  is  to  isolate  the  Surge  Relief  system  when  the 
tank  is  getting  full. 

Description  and  Purpose  - This  has  to  be  a quick  closing 
valve,  usually  a ball  type  requiring  only  a 90°  turn  to 
close  from  fully  open.  The  actuator  can  be  of  the  opposing 
cylinder  type  or  the  hydraulic  vane  motor  type.  Either  are 
quick  acting  and  their  time  of  closure  can  be  adjusted. 


The  signal  to  close  comes  to  a solenoidvalve  in  a pneumatic 
pressure  line.  The  released  high  pressure  air  or  nitrogen 
forces  the  hydraulic  fluid  into  the  actuator  and  the  valve 
is  closed. 

Reliability  Spill  Risk  - The  quality  of  this  valve  actuator 
and  the  tubing  associated  with  its  operation  should  be  of 
first  class  quality.  Reliability  is  good;  however,  failure 
would  result  in  a spill. 

Potential  Failure  Modes  - Fracture  of  tubing  is  the  most  com- 
mon cause  of  failure;  piston  seizure  in  cylinders  occurs 
occasionally  due  to  non-use. 
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Effects  of  Failure  - If  this  valve  does  not  close  following 
a surge  condition,  the  relief  tank  will  continue  to  fill 
and  oil  will  spill  from  its  vent. 

Alternate  Procedure  - Manual  closure  of  the  valve  is  the 
only  alternative  and  will  result  in  a delay  . The  oil  trans- 
fer operation  should  be  shut  down  as  soon  as  possible. 

12242  Surge  Relief  Availability  Monitor 

12242/01  Level  Switch 

Description  and  Purpose  - The  type  of  level  switch  normally 
used  employs  the  principle  of  displacers  rather  than  floats. 
In  this  particular  case,  the  three  displacers,  usually  made 
of  a ceramic  material,  hang  on  a stainless  steel  wire  sus- 
pended from  a spring.  The  wire  is  attached  to  a steel  rod 
which  moves  in  a non-ferrous  tube  on  the  outside  of  which 
are  magnetic  followers  connected  to  mercury  switches. 

As  the  level  in  the  tank  rises,  the  displacers  become  lighter 
as  they  are  immersed  by  the  liquid,  the  soring  contracts  and 
the  steel  rod  moves,  thus,  actuating  the  mercury  switches 
via  the  magnetic  followers. 

The  housing  of  the  switches  must  be  explosionproof  and  meet 
the  standards  established  by  CRF  46.111.80 

It  is  usual  practice  to  house  the  displacers  in  a "still 
well",  a perforated  length  of  pipe,  in  order  to  minimize 
the  affect  of  turbulence  caused  by  inflow  into  the  tank. 

Reliability  Spill  Risk  - Once  installed,  and  as  long  as  good 
quality  level  switches  with  stainless  steel  wire  and  fittings 
and  mercury  switches  have  been  selected,  the  reliability  is 
good . 
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Failure  of  this  switch  could  result  in  an  oil  spill. 


Potential  Failure  Modes  - Displacers  sticking  in  the  still 
well  would  casue  this  instrument  to  fail. 

Effects  of  Failures  - Failure  to  detect  high  level  in  the 
tank  and  initiate  the  closing  of  the  isolating  valve,  will 
continuously  cause  oil  to  flow  into  the  tank  and  eventually 
spill  from  the  vent. 

Alternate  Procedure  - The  pumping  operation  should  be  shut 
down  and  the  valve  closed  manually. 

12242/02  Alarms 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/05. 

12243  Relief  Valve  Pressurization  Medium  Monitor 

The  high  pressure  pneumatic  system  which  keeps  the  relief 
valves  closed  is  monitored  by  pressure  guages  and  switches 
which  will  initiate  alarms  before  a critical  situation  is 
reached . 

12243/01  Pressure  Indicator 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/01. 

12243/02  Pressure  Switch 

This  instrument  is  identical  to  that  described  under  Sec- 
tion 12211/04. 
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12243/03  Alarm 


This  instrument  is  identical  to  that  described  under  Sec- 
tion 11211/05. 


12244  Relief  Valve  Pressurization  Medium  Controller 

12244/01  Pressure  Control  Valves 


Description  and  Purpose  - In  order  to  maintain  the  pneumatic 
pressure  at  the  set  pressure  required  at  the  surge  relief 
valves  a series  of  pressure  control  valves  are  necessary. 
These  valves  are  small  valves  which  continuously  monitor 
the  pressure  downstream  and,  if  necessary,  will  open  to 
allow  the  higher  pressure  upstream  to  bleed  through  until 
the  desired  pressure  at  the  relief  valve  is  achieved. 

Reliability  Spill  Risk  - Cost  should  be  no  object  in  select- 
ing the  best  quality  valves  available.  Given  this,  relia- 
bility is  good,  however,  the  risk  of  a spill  does  exist  on 
failure . 


Potential  Failure  Modes  - Dirt  in  the  pneumatic  system  could 
cause  a pressure  control  valve  to  stick  open  or  closed. 

Effects  of  Failure  - If  the  valve  sticks  open,  the  relief 
valve  will  be  over  pressurized  and  would  not  function  in 
the  event  of  a surge.  If  stuck  closed,  then  the  relief 
valve  could  become  underpressured  and  leak  oil  into  the 


Alternate  Procedure  - When  detected,  the  particular  relief 
valve  should  be  isolated  and  the  pressure  control  valve 
replaced. 

12250  Metering  (Fig. 2.20) 

Metering  is  a means  of  precise  quantity  measurement  which 
can  be  used  for  custody  transfer  and/or  leak  detection  by 
comparison  with  other  metering  stations.  The  actual  control 
functions  of  the  metering  equipment  are  covered  in  Fig.  2-15. 


By  definition,  deepwater  ports  are  built  for  the  VLCC  class 
of  tanker  and  designed  to  accommodate  the  large  discharge 
rates  achieved  by  these  tankers.  Methods  of  quantity  mea- 
surement must  therefore,  also  be  capable  of  accommodating 
the  high  flow  rates.  The  equipment  accepted  in  the  indus- 
try as  being  capable  of  accurate  measurement  at  high  through- 
puts are  turbine  meters.  These  meters  have  the  distinct 
advantages  of  being  compact,  mechanically  simple  and  com- 
paratively long  lived, 
k 

Turbine  meters  have  inherent  performance  characteristics 
such  as  flow  rangeability  within  tolerable  limits  of  linea- 
rity and  repeatability.  These  are  generally  related  to 
fluid  properties  such  as  density,  viscosity  and  vapor  pres- 
sure, and  to  the  mechanical  characteristics  of  the  meter, 
such  as  rotor  mass,  bearing  friction,  etc.  The  combination 
of  fluid  properties  and  meter  characteristics  produces  a 
deviation  from  an  ideal  of  meter  linearity  and  selection 
should  be  governed  by  an  assessment  of  the  characteristics 
of  the  turbine  meters. 
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In  considering  metering  at  Deepwater  Ports,  it  can  be  as- 
sumed that  a high  degree  of  accuracy  is  desired  whether 
this  be  for  custody  transfer  measurement  or  for  comparison 
with  onshore  metering  stations,  as  a means  of  leak  detec- 
tion or  for  both.  This  high  degree  of  accuracy  is  only 
obtainable  with  frequent  proving  of  each  turbine  meter  dur- 
ing operating  conditions.  In  simple  terms,  the  prover  is 
a mechanical  fluid  displacement  device  of  precisely  known 
volume.  The  fluid  passing  through  the  meter  is  also  passed 
through  the  prover.  The  resulting  comparison  of  the  meter 
output  with  the  known  volume  of  the  prover  provides  a fac- 
tor which  can  be  applied  to  the  output  readings  of  the  meter. 

Subsequent  provings  will  show  the  drift  or  linearity  of 
the  meter  and  whether  or  not  it  is  within  the  accepted  tol- 
erances . 

Other  factors  which  must  be  taken  into  account  are  temper- 
ature and  pressure  variations.  Turbine  meters  are  viscosity 
sensitive  and  for  this  fact  alone  temperature  correction 
factors  are  important.  Other  effects  of  temperature  vari- 
ations would  be  to  physically  change  the  dimensions  of  the 
meter  and/or  the  prover.  Pressure  variations  will  have 
similar  effects  by  changing  the  physical  dimensions  of  the 
meter  and  prover.  The  proving  of  a meter  is  best  done  during 
operating  conditions  when  both  the  meter  and  the  prover  are 
subject  to  the  same  temperature  and  pressure. 

The  electrical  components  associated  with  metering  have 
reached  a high  degree  of  sophistication  and  complexity,  and 
the  use  of  computers  is  becoming  more  and  more  necessary. 
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12260 


(Fig.  2-21) 


Crude  Oil  Transfer  Systems  may  be  provided  with  pipeline 
pigging  systems  for  cleaning  the  interior  walls  of  the 
pipeline,  displacing  the  crude  oil  in  the  transfer  system 
with  seawater  or  for  segregating  (batching)  two  or  more 
grades  of  crude  oil  transferred  through  the  system 
simultaneously. 

Pigs  are  readily  available  in  three  different  shapes; 
spheres,  cylinders  and  discs  (refer  to  Appendix  E for 
manufacturer's  information). 

The  components  of  a pigging  system  are  a launching 
barrel,  a receiving  barrel,  launcher  and  receiver  pipline 
valves,  pig  detector  switches,  pig  diverter  fittings  and 
interconnecting  small  diameter  piping  to  control  crude 
oil  flow  upstream  and  downstream  of  the  pig  at  the 
barrel . 

Pigs  move  through  the  piping  system  as  a result  of  the 
differential  pressure  which  exists  across  the  pig  upstream 
and  downstream.  The  velocity  at  which  most  pigs  move 
through  a system,  at  least  for  large  diameter  piping, 
should  be  in  the  order  of  five  to  six  feet  per  second 
minimum. 

Description  of  Pig  Types  - The  following  is  a brief 
description  of  the  three  types  of  pigs  readily  available 
and  which  could  be  used  for  Deepwater  Port  Oil  Transfer 
system  service. 


Pipeline  Spheres  - Pipeline  spheres  are  hollow  shell  spheres 
fabricated  of  natural  rubber,  neoprene,  nitrile,  polyure- 
thane or  other  materials  compatible  with  the  carrier  liquid. 
The  sphere  is  filled  with  glycol  or  other  liquid  suitable 
for  the  service  under  pressure  so  that  the  outside  diameter 
of  the  sphere  is  slightly  larger  than  the  inside  diameter 
of  the  pipeline.  The  sphere  is  then  forced  into  the  pipe- 
line under  pipeline  fluid  pressure,  slightly  elongating  the 
sphere.  This  tight  or  "interference"  fit  provides  the  seal 
between  the  pipe  wall  and  the  sphere  to  prevent  excessive 
"leakage"  of  carrier  liquid  past  the  sphere  as  it  moves 
through  the  system. 


Pipeline  Cylinders  - Pipeline  cylinders  are  solid  cylinders 
usually  fabricated  of  polyurethane.  Most  cylindrical  pigs 
are  "bullet"  shaped  to  assist  in  negotiating  pipeline  bends 
and  other  fittings.  The  circumference  of  some  cylindrical 
pigs  are  manufactured  with  criss-crossing  bands  of  hard 
rubber  material  which  facilitates  and  improves  the  "cleaning" 
action  of  the  pigs.  Cylindrical  type  pigs  have  the  capa- 
bility of  negotiating  very  short  radius  turns  and,  further, 
can  be  used  to  clean  or  segregate  product  in  pipeline  sys- 
tems having  up  to  three  line  size  changes  in  a given  run. 

Pipeline  Discs  - Pipeline  Disc  Figs  consist  of  a single 
or  multiple  sets  of  discs,  usually  cup  shaped,  which 
are  connected  end  to  end  by  articulated  joints.  Wire 
brushes,  if  the  pigs  function  is  cleaning,  are  placed 
between  the  cupped  discs.  The  wire  brushes  are  spring 
loaded  radially  for  the  purpose  of  providing  a force  against 
the  pipe  wall  so  that  the  necessary  cleaning  action  can  be 
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developed  as  the  pig  moves  through  the  pipeline.  For  pro- 
duct segregation  (batching)  additional  cupped  discs  are 
substituted  for  the  brushes. 

Pipeline  discs  may  be  used  for  other  purposes  such  as  line 
scraping  or  gauging  wherein  scraper  cups  and  discs  are 
employed  to  clean  "encrusted"  pipe  walls  (that  brushes 
cannot  clean)  or  shear  welding  icycles  and  other  internal 
pipe  projections  to  a given  gauge  (diameter) . 

Of  the  three  types  of  pigs  described  above,  the  pipeline 
sphere  is  most  universally  used  for  Deepwater  Ports  ser- 
vice. It  is  expected  that  spheres  will  continue  to  be  the 
dominant  pigs  used  for  Deepwater  Port  Service,-  hence,  the 
following  description  of  a pigging  operation  will  be  limited 
to  spheres. 

Pigging  Operation  - A brief  description  of  a batching  oper- 
ation using  pipeline  spheres  is  presented  below.  It  should 
be  noted  that  a step-by-step  procedure  for  a particular 
pigging  operation  may  be  somewhat  different  than  herein 
below  described  due  to  the  type  of  pig  employed  or  the  par- 
ticular receiver/launcher  piping  arrangement  selected  or 
the  type  of  product  transferred.  The  batching  operation 
described  is  keyed  to  the  launching  and  receiving  diagram 
(Figure  2-21) . 

Launching 

1.  Open  the  drain  line  and  ensure  that  the  launching 
barrel  is  completely  empty  of  oil. 

2.  Open  the  hinged  closure  and  insert  spheres  of  correct 
size  for  the  pipeline,  close  the  hinged  closure  and 
secure. 
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3.  Close  Valve  B and  open  Valve  A. 


4.  Lift  launching  pin  and  let  the  sphere  roll  down  the 
barrel  into  the  pipeline  past  Valve  A. 

5.  Open  bypass  Valve  M to  pressurize  the  barrel  and  to 
apply  positive  pressure  on  the  sphere  to  move  it  past 
the  tee  connection  at  Valve  B. 

6.  Close  bypass  Valve  M and  Main  Valve  A. 

7.  Open  Valve  B to  allow  flow  from  the  tanker  to  push 
the  sphere  through  the  main  pipeline. 

Receiving 


1.  Valve  D should  be  closed  and  Valve  C open  to  allow 
the  liquid  ahead  of  the  sphere  to  be  routed  into  the 
pipeline . 

2.  When  the  first  sphere  detector  signals  the  arrival  of 
the  sphere,  Valve  D is  opened  and  Valve  C closed  to 
allow  sphere  to  move  into  the  barrel.  The  drain  con- 
nection in  the  receiving  barrel  is  also  opened  to  drain 
liquid  from  the  barrel. 

3.  When  the  second  sphere  detector  located  downstream  of 
Valve  D signals  the  passing  of  the  sphere.  Valve  D is 
closed  and  Valve  E opened  to  allow  liquid  behind  the 
sphere  to  flow  into  the  other  line. 

4.  After  Valve  D is  fully  closed,  the  drain  connection  in 
the  receiving  barrel  is  left  open  and  liquid  allowed 

to  drain  out  until  the  barrel  is  empty.  Liquid  drainage 
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should  be  into  an  open  funnel  so  that  a visual  check 
on  the  draining  operation  can  be  maintained  and  to  as- 
certain when  the  barrel  is  completely  drained. 

5.  Remove  the  sphere  from  barrel  for  cleaning,  storage 
and  reuse. 


12300  Shutdown  Offshore  System  (Fig.  2~22) 

12310  Booster  Pumping  Shutdown 

The  sequential  shutting  down  of  a booster  pumping  station 
can  begin  when  the  ships'  cargo  pumps  are  replaced  by  the 
small  stripping  pumps.  At  this  stage,  due  to  the  smaller 
quantities  involved,  only  one  booster  pump  would  be  in  oper- 
ation. 
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Pack  System 

Valve  Line-Up  Indicator 
Remote  Indicator 

12122/01 

Visual  Check 

12122/02 

Valve  Line-Up  Controller 
Push  Button  Remote 

12121/01. 
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12322/02  Push  Button  Local 


Refer  to 

12121/02 

12322/03 

Manual  Local 

Refer  to 

12121/03 

12322/04 

Valve  Actuator 

Refer  to 

12121/04 

12323 

Pressure 

Monitor 

12323/01 

Pressure 

Indicator 

Refer  to 

12211/01 

12323/02 

Pressure 

Transmitter 

Refer  to 

11211/02. 

12323/03 

Pressure 

Recorder 

Refer  to  11211/03 
12323/04  Alarm 
Refer  to  11211/04 


12330  Drain  and  Slops  Handling  (Fig.  2-23) 

The  drain  and  slop  system  is  not  directly  related  to  the  oil 
transfer  system  but  since  its  malfunction  could  result  in 
a spill  of  crude  oil,  it  has  been  included  in  this  study. 
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The  purpose  of  this  system  is  two-fold,  primarily  it  deals 
with  the  crude  oil  drained  from  the  loading  arms  during 
normal  operations,  secondly,  it  collects  surface  water  which 
could  be  contaminated  with  crude  oil.  An  automatic  pumpout 
system  empties  the  tank(s)  into  the  main  crude  system.  In 
order  to  avoid  overpressuring  the  transfer  system  with  the 
automatic  pumpout,  the  system  must  remain  open  to  a stor- 
age tank  onshore.  If  this  is  not  possible,  the  automatic 
feature  must  be  disposed  of  and  the  emptying  of  the  slop 
tank  becomes  a manual  operation. 

12311  Drain  Tank  Level  ?fonitor 

12331/01  Level  Switch 

Refer  to  12242/01 

12331/02  Alarm 

Refer  to  12211/04 

12340  Emergency  Shutdown  System  (Fig . 2-24 ) 

The  emergency  facility,  although  rarely  used,  must  be  avail- 
able and  able  to  perform  its  function  at  any  time.  Not  only 
during  dynamic  conditions,  but  also  during  periods  of  no 
flow.  The  actuating  medium,  like  the  surge  system,  is  a 
high  pressure  pneumatic  supply,  continuously  monitored  for 
availability.  The  actual  closure  of  the  valve  must  be 
timed  such  as  to  avoid  the  creation  of  a surge  pressure 
wave.  Refer  to  Section  12240  - Relief  of  Pressure  Surges. 

The  valve  would  be  a ball  type  requiring  only  a 90°  revol- 
ution to  travel  from  fully  open  to  fully  closed.  The  actuator 
would  be  hydraulically  driven  and  the  primary  energy  would  be 
provided  by  compressed  air  or  nitrogen. 


12341  Valve  Position  Monitor 

12341/01  Remote  Indicator 


L. 


Description  and  Purpose  - This  remote  indicator  of  valve 
position  is  identical  to  that  described  under  Section  12122/91. 
However,  the  switches  on  the  actuator  are  mechanically  ini- 
tiated by  the  movement  of  the  valve. 

12342  Valve  Line-Up  Controller 

12342/01  Valve  Actuator 

Refer  to  12241/01 

12343  Valve  Actuating  Medium  Monitor 

12343/01  Pressure  Switch 

Refer  to  12231/04 


12343/02  Alarm 


Refer  to  12211/04 


12400  Communication  System  (Figs.  2-25,  2-26,  and  2-27) 


The  communication  link  between  the  offshore  and  onshore 
facilities  has  to  handle  both  voice  and  data  information. 
Two  distinct  types  of  communication  are  used:  submarine 
cable  and  radio.  The  distance  involved  has  a bearing  on 
the  choice.  For  those  DWP's  where  offshore  facilities 
are  a few  miles  from  shore,  submarine  cables  become  uneco- 
nomical, and  all  communications  would  be  accomplished  over 
a radio  system.  Shorter  distances  generally  involve  both 
radio  for  pure  voice  communciation  and  submarine  cable  for 
voice  (telephone)  and  data  transmission.  Where  large 
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quantities  of  complex  data  are  involved,  the  use  of  a multi- 
plex coded  system  reduces  the  number  of  submarine  cable  con- 
ductors required. 

The  direct  wire  type  of  submarine  cable  where  each  function 
requires  its  own  individual  circuit  is  simple  and  uncompli- 
cated. However,  the  number  of  circuits  is  limited  by  the 
physical  size  of  the  cable. 

An  alternative  method  used  with  submarine  cables  is  to  code 
the  signals  in  such  a way  that  a number  of  functions  can  be 
transmitted  over  a single  c^.  uctor . This  system  requires 
an  encoder  and  decoder  at  each  end  of  the  submarine  cable. 

Where  distances  are  so  great  that  a radio  link  has  to  be 
used  for  all  communication , a similar  system  of  signal 
coding  or  decoding  will  be  required. 

12410  Voice 

12411  Wire 
12411/01  Telephone 

Description  and  Purpose  - A standard  "Private  Automatic 
Branch  Exchange"  (P.A.B.X.)  comprising  of  a central  exchange 
with  a system  of  stations  distributed  throughout  the  Deep- 
water Port,  both  on  and  offshore.  Those  stations  in  hazar- 
dous areas  should  be  explosion  proof.  The  purpose  is  to 
provide  a verbal  communication  system. 

Reliability  Spill  Risk  - Reliability  of  a good  quality  sys- 
tem is  very  high.  No  direct  risk  of  an  oil  spill  or  fail- 
ure . 
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Potential  Failure  Modes  - Component  and  circuitry  failure 
are  most  common. 

Effects  of  Failure  - Loss  of  local  verbal  communications 
Alternate  Procedure  - Use  back-up  radio  communications. 
12411/02  Submarine  Cable 

Description  and  Purpose  - The  link  between  the  onshore  and 
offshore  facilities  which  carries  the  various  types  of  voice 
and  data  communication  signals.  In  order  to  protect  the 
cable  from  mechanical  damage,  from  dragging  anchors,  etc., 
it  should  be  either  buried  in  a trench  or  jetted  into  the 
seabed  after  installation.  The  specification  for  the  multi- 
core cable  should  include  a continuous  P.V.C.  outer  sheath 
covering  twisted  steel  wire  armouring  for  strength  and  each 
individual  conductor  must  be  P.V.C.  insulated. 

Reliability  Spill  Risk  - A submarine  cable  probably  suffers 
the  highest  risk  of  damage  during  installaiton . Following 
a successful  installation  and  testing  procedure,  the  reli- 
ability is  high.  Failure  could  result  in  loss  of  communi- 
cations and  the  risk  of  an  oil  spill  is  present. 

Potential  Failure  Modes  - Mechanical  damage  by  dragging 
anchors  is  the  most  common  cause  of  failure. 

Effects  of  Failure  - Loss  of  communications. 
— 

Alternative  Procedure  - Resort  to  radio  communications. 
12412/01  Two-Way  FM  Portable  Radios 
Refer  to  11410/02. 

L. 
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12420  Data 

12421  Wire 
12421/01  Encoder 


Description  and  Purpose  - Where  numerous  functions  have  to 
be  communicated,  a multiplex  system  requiring  the  coding 
of  data  is  required.  The  encoder  is  the  piece  of  equipment 
in  the  system  which  accomplishes  the  coding  of  each  separate 
function  for  transmission  along  the  submarine  cable  or  radio. 

Reliability  Spill  Risk  - If  well  designed  by  an  experienced 
company  and  properly  installed  and  tested,  the  reliability 
will  be  high.  There  is  a risk  of  an  oil  spill  on  failure. 

Potential  Failure  Modes  - Component  and  circuitry  failure 
are  the  most  common  modes  of  failure. 

Effects  of  Failure  - Incorrect  data  communicated  which  could 
result  in  malfunction  of  valves  and  other  equipment,  as  well 
as  faulty  display  information. 

Alternate  Procedure  - Operations  should  be  terminated  or 
reduced  and  communciations  by  telephone  or  radio  resorted 
to. 

12401/02  Decoder 

Description  and  Purpose  - This  piece  of  equipment  in  the 
system  decodes  the  signals  coded  by  the  encoder  and  is 
usually  built  into  the  same  enclosure.  All  other  aspects 
are  the  same  as  the  encoder,  refer  to  12421/01. 
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12421/03  Submarine  Cable 


Description  and  Purpose  - The  specification  for  this  cable 
is  identical  to  that  described  under  12411/02.  The  only 
difference  is  that  this  cable  is  carrying  coded  signals. 

12422  Radio 
12422/01  Encoder 

Refer  to  12421/01 

12422/02  Decoder 

Refer  to  12421/02 

12422/03  R . F . Transceiver 

Description  and  Purpose  - This  is  the  microwave  radio  link 
which  replaces  a submarine  cable  where  distances  are  great. 
However,  it  is  limited  to  "line  of  sight"  operation,  so  if 
distances  dictate  it,  repeater  stations  would  be  necessary. 
The  coded  signals  from  the  encoder  are  received  and  trans- 
mitted to  the  offshore  facilities  where  they  are  fed  into 
the  decoder,  at  the  same  time  coded  signals  can  be  sent  in 
the  other  direction. 

Reliability  Spill  Risk  - First  class  equipment  which  can 
tolerate  a high  degree  of  noise  interference  is  very  re- 
liable. The  risk  of  a spill  is  present  on  failure. 

Potential  Failure  Modes  - Component  and  circuitry  failure 
are  the  most  common  failure  modes. 
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Effects  of  Failure  - Loss  of  communication  and  incorrect 
data  could  result  in  an  oil  spill. 

Alternate  Procedure  - Reduce  or  shut  down  operations  and 
resort  to  back-up  verbal  communications  by  V.H.F.  radio. 
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13000 


MOVE  OIL  THROUGH  ONSHORE  PIPING  (Fig.  2-28) 


13100  Line-Up  Onshore  System  (Fig.  2-29) 

13110  Line-Uo  Manifold  Valves  (Fig.  2-30) 

The  large  quantities  and  variations  of  crude  oil  imported 
at  Deepwater  Ports  from  VLCC ' s necessitates  a number  of 
onshore  storage  tanks.  Each  tank  will  have  its  own  pipe- 
line which  routes  the  oil  from  the  shore  end  of  the  sub- 
marine pipelines.  A manifold  of  valves  is  required  to 
achieve  the  interconnection  between  the  submarine  pipelines 
and  the  tank  pipelines. 

Each  valve  is  actuated  by  an  electric  motor  "actuator" 
which  drives  tne  valve  through  gearing  between  its  limits 
of  open  and  closed.  Each  actuator  has  a system  of  limit 
switches . 

The  primary  function  of  the  limit  switches  is  to  stop  the 
valve  travel  in  both  the  fully  open  and  fully  closed  posi- 
tions. They  also  provide  the  switching  which  feeds  back 
information  to  the  remote  control  centers  and  inhibits  the 
opening  and  closing  of  other  valves.  Each  limit  switch 
can  be  set  to  open  or  close  at  any  time  during  the  valve 
travel . 

Interlocks  become  necessary  where  types  of  crude  oil  must 
be  kept  separate  and  to  avoid  the  accidental  opening  of 
valves  which  would  result  in  contamination. 

Interlocks  are  an  electrical  circuit  which  prevents  a valve 
being  opened  unless  one  or  more  other  valves  are  closed. 

The  limit  switches  provide  the  switching  that  makes  elec- 
trical interlocking  possible. 
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13111 
13111/01 

Refer  to 

13111/02 

Refer  to 

13112 
13112/01 

Refer  to 

13112/02 

Refer  to 

13112/03 

Refer  to 
13112/04 

Refer  to 

13112/05 

Refer  to 

13120 

13121 


Valve  Line-Up  Monitor 
Remote  Indicator 


12122/01 

Visual  Check 


12122/02. 

Valve  Line-Up  Controller 
Push  Button  Remote 


12121/01. 

Push  Button  Local 


12121/02. 

Manual  Local 

12121/03. 

Valve  Actuator 


12121/04. 

Limit  Switches 


12121/05. 

Tank  Selection 

Tank  Level  Monitor  (Fig. 2-31) 


E-3.73 


It  is  assumed  that  storage  tanks  at  the  shore  end  of  a 
Deepwater  Port  facility  would  be  large  (in  order  of  750,000 
bbl . capacity)  and,  therefore,  would  have  floating  roofs. 
Continuous  reading  level  monitoring  has  reached  a degree 
of  sophistication  whereby  accuracies  are  claimed  in  the 
order  to  + 1/8".  With  the  increase  in  tank  diameters, 
this  amounts  to  a considerable  quantity  of  oil,  thus 
making  custody  transfer  measurements  by  this  means  un- 
attractive. It  is,  therefore,  normal  for  level  instruments 
to  be  used  only  for  filling  and  emptying  operations  and  to 
alert  operators  to  the  dangers  of  overfilling  or  emptying. 

13121/01  Level  Transmitter 

Description  and  Purpose  - Basically,  a level  transmitter 
consists  of  a spring  loaded  drum  around  which  a tape  is 
wound,  a float  traveling  inside  a perforated  pipe  (still 
well)  is  attached  to  the  free  end  of  the  tape.  As  the 
level  rises,  the  slack  in  the  tape  is  taken  up  on  the 
drum,  the  revolutions  of  the  drum  are  determined  electric- 
ally and  a signal  is  produced  which  is  transmitted  to 
remote  read  out  indicators.  The  purpose  of  the  still  well 
is  to  prevent  turbulence  affecting  the  floats  and  tape, 
thus  producing  spurious  signals.  In  order  to  alert  oper- 
ators to  the  possibility  of  overfilling  tanks,  alarm 
switches  are  fitted  in  the  transmitter  which  initiate 
alarms  when  predetermined  levels  are  reached. 

Transmitters  should  be  housed  in  explosion  proof  housings. 

Reliability  Spill  Risk  - The  effects  of  a corrosive  at- 
mosphere on  electronic  cards  and  components  will  cause 
failure.  Back-up  level  instruments  minimize  the  risk  of 
oil  spill. 
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Potential  Failure  Modes  - Failure  of  electronic  components 
and  circuits  together  with  float  sticking  due  to  fouling 
on  still  well  or  build  up  of  sludge  are  the  most  common 
causes  of  failure. 

Effects  of  Failure  - Incorrect  information  of  level  trans- 
mitted to  remote  indicators.  Delays  may  occur  while 
fault  is  investigated  and  rectified. 

Alternate  Procedure  - Due  to  the  time  which  repair  or 
replacement  of  faulty  transmitter  will  take  manual  reading 
of  levels  at  the  tank  transmitted  by  walkie/talkie  to 
control  center  is  the  only  alternative. 

13121/02  Local  Indicator 

Description  and  Purpose  - The  local  indicator  is  driven 
by  the  transmitter  and  is  usually  located  at  the  bottom 
of  the  tank.  Depending  upon  the  type  chosen,  the  display 
is  usually  digital  in  terms  of  feet  and  inches. 

Enclosures  should  be  explosion  proof. 

Reliability  Spill  Risk  - This  instrument  is  as  reliable  as 
the  transmitter.  Circuitry  or  component  faults  caused  by 
corrosion  will  result  in  failure.  There  is  no  spill 
risk  involved. 

Potential  Failure  Modes  - Electronic  component  failure. 

Effects  of  Failure  - Incorrect  locally  displayed  level 
information  would  not  result  in  any  chain  reaction 


Alternate  Procedure  - Repair  or  replacement  of  faulty 
indicator . 

13121/03  Remote  Indicator 

Description  and  Purpose  - Remotely  mounted  in  the  central 
control  room,  this  indicator  would  usually  be  the  digital 
type.  Where  a number  of  tanks  are  involved,  a selective 
system  would  allow  the  interrogation  of  one  tank  level  at 
a time.  These  displays  may  not  be  driven  directly  by  the 
transmitter  output  but  must  be  passed  through  a conversion 
system  making  it  simpler  for  the  signal  to  be  transmitted 
and  displayed. 

Reliability  Spill  Risk  - Well  chosen  and  proven  systems 
and  components  would  be  reliable,  however,  in  locations 
prone  to  severe  electrical  storms,  even  these  systems 
prove  unreliable.  Incorrect  display  of  level  information 
could  lead  to  an  oil  spill. 

Potential  Failure  Modes  - Electronic  component  or  cir- 
cuitry failures  are  most  common. 

Effects  of  Failure  - Delays  in  pumping  operations  may  occur 
while  investigations  of  the  failure  are  made. 

Alternate  Procedure  - If  fitted,  a test  button  would  con- 
firm circuitry  failure.  Local  reading  of  tank  levels  is 
an  alternate  which  will  minimize  delays. 

13121/04  Level  Switches 

Description  and  Purpose  - This  level  switch  operates  on 
the  principle  of  a float  actuating  a mercury  switch  in 
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an  explosion  proof  housing.  The  chamber  in  which  the  float 
operates  is  external  to  the  tank  and  can  be  isolated  for 
maintenance . 


Reliability  Spill  Risk  - Generally,  very  reliable,  however, 
failure  of  the  float  will  cause  failure.  An  oil  spill  is 
possible  on  failure  of  a high  level  switch. 

Potential  Failure  Modes  - Corrosion  and  leaking  of  the 
float . 

Effects  of  Failure  - The  alarm,  either  high  or  low,  would 
fail  to  alert  the  operator  to  potential  trouble.  Also, 
any  automatic  action  such  as  the  closing  of  valves  or 
stopping  of  pumps  would  not  be  initiated. 

Alternate  Procedure  - Attention  to  the  tank  level  displayed 
in  the  control  center  and  the  taking  of  action  to  switch 
tanks  or  stop  filling  would  be  the  alternate  procedure  to 
follow. 

13121/05  Alarms 

Refer  to  12211/04. 

13122  Tank  Valve  Controller 
13122/01  Push  Button  Remote 

Refer  to  12121/01. 

13122/02  Push  Button  Local 

Refer  to  12121/02. 
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13122/03  Manual  Local 

Refer  to  12121/03. 

13122/04  Valve  Actuator 

Refer  to  12121/04. 

13122/05  Limit  Switches 

Refer  to  12121/05. 

13123  Tank  Valve  Monitor 

13123/01  Remote  Indicator 

Refer  to  12122/01. 

12123/02  Visual  Check 

Refer  to  12122/02. 

13200 

13210 

13211 
13211/01 

Refer  to  11211/01. 

13211/02  Pressure  Transmitter 

Refer  to  11211/02. 
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Pressure  Monitor 
Pressure  Indicator 


13211/03  Pressure  Recorder 
Refer  to  11211/03. 

13211/04  Pressure  Switch 
Refer  to  11211/04. 

13211/05  Alarm 
Refer  to  11211/05. 

13212  Temperature  Monitor 
13212/01  Temperature  Indicator 

Refer  to  12212/01. 

13213  Flow  Monitor 
13213/01  Flow  Element 

Refer  to  12213/01. 

13214  Flow  Rate  Controller 
13214/01  Flow  Transmitter 

Refer  to  12214/03. 

13214/02  Flow  Controller 

Refer  to  12214/02. 

13214/03  Pressure  Controller 

Refer  to  12234/03. 
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13214/04  Signal  Selector 

Refer  to  12234/04. 

13214/05  Flow  Regulator 

Refer  to  12214/04. 

13215  Pump  Protection  Devices 

13215/01  Level  Switch 

Refer  to  12235/01 

13215/02  Vibration  Switch 

Refer  to  12235/02. 

13215/03  Differential  Pressure  Switch 
Refer  to  12235/03. 

13215/04  Air  Eliminator 
Refer  to  12235/04. 

13215/05  Alarm 
Refer  to  12211/04. 

13220  Tank  Switching 

13221  Tank  Valve  Line-Up  Monitor 
13221/01  Remote  Indicator 

Refer  to  12122/01. 
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13223/03  Manual  Local 


Refer  to  12121/03. 


13223/04  Valve  Actuator 


Refer  to  12121/04. 


13223/05  Limit  Switches 


Refer  to  12121/05. 


13230  Metering  (Fig. 2-34) 


Refer  to  discussion  12250. 


13240  Relief  of  Pressure  Surges  (Fig.  2-35) 


Refer  to  discussion  12240. 


13241  Surge  Relief  Availability  Control 


13241/01  Valve  Actuator 


Refer  to  12241/01. 


13242  Surge  Relief  Availability  Monitor 


13242/01  Level  Switch 


Refer  to  12242/01. 


13242/01  Alarm 


Refer  to  11211/05. 
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13243  Relief  Valve  Pressurization  Medium  Monitor 
13243/01  Pressure  Indicator 

Refer  to  11211/01. 

13243/02  Pressure  Switch 

Refer  to  12211/04. 

13243/03  Alarm 

Refer  to  11211/05. 

13244  Relief  Valve  Pressurization  Medium' Controller 
13244/01  Pressure  Control  Valves 

Refer  to  12244/01. 


13300  Shutdown  Onshore  System  (Fig.  2-36) 

13310  Booster  Pumping  Shutdown 

13311  Valve  Line-Up  Monitor 
13311/01  Pressure  Indicator 

Refer  to  11211/01. 

13311/02  Pressure  Transmitter 

Refer  to  11211/02. 

13311/03  Pressure  Recorder 
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13311/04  Pressure  Switch 


Refer  to  11211/04. 


13311/05  Alarm 


Refer  to  11211/05. 


13312  Temperature  Monitor 

13312/01  Temperature  Indicator 


Refer  to  12212/01. 


13313  Flow  Monitor 

13313/01  Flow  Element 


Refer  to  12213/01. 


13314  Flow  Rate  Controller 

13314/01  Flow  Transmitter 


Refer  to  12214/03, 


13314/02  Flow  Controller 


Refer  to  12214/02. 


13314/03  Pressure  Controller 


Refer  to  12234/03. 


13314/04  Signal  Selector 


Refer  to  12234/04. 
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13314/05 


Flow  Regulator 


Refer  to  12214/04. 

13315  Pump  Protection  Devices 

13315/01  Level  Switch 

Refer  to  12235/01. 

13315/02  Vibration  Switch 

Refer  to  12235/02. 

13315/03  Differential  Pressure  Switch 
Refer  to  12235/03. 

13315/04  Air  Eliminator 
Refer  to  12235/04. 

13315/05  Alarm 
Refer  to  12211/04. 

13320  Pack  System 

13321  Valve  Line-Up  Monitor 
13321/01  Remote  Indicator 

Refer  to  12122/01. 

13321/02  Visual  Check 

Refer  to  12122/02. 
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13322  Valve  Line-Up  Controller 
13322/01  Push  Button  Remote 

Refer  to  12121/01. 

13322/02  Push  Button  Local 

Refer  to  12121/02. 

13322/03  Manual  Local 

Refer  to  12121/03. 

13322/04  Valve  Actuator 

Refer  to  12121/04. 

13322/05  Limit  Switches 

Refer  to  12121/05. 

13323  Pressure  Monitor 
13323/01  Pressure  Indicator 

Refer  to  11211/01. 

13323/02  Pressure  Transmitter 

Refer  to  11211/02. 

13323/03  Pressure  Recorder 

Refer  to  11211/03. 
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13323/04  Alarm 


Refer  to  11211/05. 


13330  Drain  and  Slops  Handling 

This  system  is  primarily  installed  to  deal  with  the  roof 
drains  of  the  tanks.  If  it  is  a practice  at  the  terminal 
being  considered,  then  it  has  also  to  deal  with  water  draw- 
off from  each  tank.  The  slops  would  be  a mixture  of  oil 
and  water  and  must  be  routed  to  a treatment  and  disposal 
system  which  is  not  a part  of  this  study. 


13331  Drain  Tank  Level  Monitor 

13331/01  Level  Switch 

Refer  to  12242/01. 

13331/02  Alarm 

Refer  to  12211/04. 

13340  Emergency  Shutdown  System 

Refer  to  discussion  12340. 


13341  Valve  Position  Monitor 
13341/01  Remote  Indicator 

Refer  to  12341/01. 

13342  Valve  Line-Up  Controller 
13342/01  Valve  Actuator 

Refer  to  12241/01. 


I 
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13343  Valve  Actuating  Medium  Monitor 

13343/01  Pressure  Switch 


APPENDIX  F - SCENARIOS 


F-l.  INTRODUCTION 

The  following  scenarios  have  been  chosen  to  illustrate  the 
results  of  control  system  failure  during  dynamic  conditions. 
They  have  also  been  selected  because  they  are  three  of  the 
few  locations  on  an  oil  transfer  system  where  an  "open  end" 
exists  and  the  failure  of  a control  system  would  directly 
result  in  an  oil  spill. 

F-2 . ONSHORE  STORAGE 

FAILURE  OF  LEVEL  ALARMS  ON  STORAGE  TANK 


Assuming  maximum  filling  rate  for  750,000  barrel  tank  = 
75,000  B.P.H. 

Assume  size  of  inlet/outlet  valve  to  be  36"  with  an  actuator 
giving  a closure  rate  of  12"  per  minute. 

Assume  this  valve  is  a gate  valve  with  characteristics  as 
shown  on  attached  graph  (Fig.  F-l) 

Assume  volume  of  tank  roof  to  be  6,000  barrels. 

Assume  tank  is  66  feet  high  (to  upper  rim)  and  contains 
approximately  11,360  barrels  per  foot.  Roof  travels  at 
6Jj  feet  per  hour. 

Primary  - High  Level  alarm  in  Level  Transmitter  (13222/01) 
fails.  Operator  not  made  aware  of  high  level  in  tank. 

(61.5  feet) . 
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Secondary  - High  High  Level  switch  (13222/04)  fails  to 
actuate  automatic  shutdown  of  inlet/outlet  valve.  (Level 
switch  at  62  feet.) 


Level  will  continue  to  rise  until  roof  is  prevented  from 
rising  by  structures  (approximately  1 foot  below  rim.)  Oil 
will  initially  come  through  the  roof  vents  and  support 
guides  and  find  its  way  to  the  roof  drains  and  so  to  the  treat- 
ment and  disposal  system.  The  roof  drain  system  is  unable 
to  accomodate  75,000  B.P.H.  so  the  oil  level  will  continue 
to  rise  until  it  overflows  the  rim  of  the  tank.  At  what 
stage  this  is  visually  obvious  is  indeterminate  but  for 
the  purposes  of  this  exercise,  assume  a period  of  0 to  15 
minutes  before  action  is  taken  to  close  the  tank  valve. 

The  tank  valve  will  take  3 minutes  to  close.  If  detection 
of  overflow  is  immediate,  then  quantity  of  oil  would  be 
approximately  3,000  Bbls.  It  can  be  seen  that  some  40 
minutes  must  elapse  after  the  primary  failure  before  the 
start  of  a spill.  This  is  an  extremely  long  time  for  the 
failure  to  remain  undetected  bearing  in  mind  that  the 
operator  should  be  paying  attention  to  the  remote  in- 
dication of  tank  levels  and  should  have  some  program  of 
tank  filling  and  switching  times.  The  chances  of  this 
type  of  spill  would  be  remote.  Figure  F-2  shows  the  magni- 


tude of  a spill  vs.  time  for  this  scenario. 

Any  spill  which  did  occur  would  be  contained  within  the 
diked  tank  area. 


F-3  OFFSHORE 


12330 


DRAIN  & SLOPS  SYSTEM 


Assume  drain  and  slops  tank  is  full, 
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Assume  level  switch  failed  at  high  level  to  start  pump 
and  to  initiate  high  level  alarm. 

Assume  unloading  of  tanker  just  completed. 

The  final  step  before  disconnecting  the  loading  arms  is  to 
drain  the  inboard  section  into  the  drain  and  slops  tank. 

The  assumption  that  the  level  switch  failed  to  start  the 
pump  at  high  level  would  mean  that  the  tank  is  full.  When 
the  drain  valves  to  the  loading  arms  are  opened,  the  oil 
will  overfill  the  tank  and  cause  a spill  from  the  tank  vent 
pipe . 

The  magnitude  of  this  spill  could  be  in  the  order  of  1,500 
gallons  for  every  16"  arm  drained.  Usually  4 loading  arms 
would  be  used  making  the  maximum  amount  spilt  6,000  gallons. 

F-4.  OFFSHORE 

SURGE  RELIEF  SYSTEM  12240 


Assume  oil  importation  in  progress. 

A series  of  events  and  failures  have  to  take  place  in  order 
to  result  in  a spill. 

Assume  firstly,  that  the  surge  system  is  full  and  that  this 
state  has  not  been  brought  to  the  attention  of  the  operators. 
Secondly,  that  a condition  of  surge  pressure  must  occur  in 
the  oil  transfer  system. 

The  first  assumption  can  only  happen  if: 
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a)  The  relief  valves  are  passing  oil  due  to  the  failure  of 
a PCV  (Pressure  Control  Valve  12244/01)  to  maintain 
the  correct  pneumatic  pressure. 

b)  Normally  this  would  alarm  in  the  control  room  so  it 
has  to  be  accompanied  by  the  failure  of  a pressure 
switch  (12243/02). 

c)  As  the  oil  filled  the  surge  tank,  the  level  switch 
(12242/01)  would  initiate  alarms,  therefore,  we  must 
assume  that  this  instrument  has  also  failed. 

Usually  the  vents  from  surge  tanks  are  large  and  taken  to 
the  maximum  possible  height  in  order  to  dissipate  vapors. 

The  normal  operating  pressures  in  the  system  would  eventually 
fill  the  vent  and  the  situation  would  be  apparent  from  the 
resulting  minor  spill.  However,  if  a surge  pressure  was 
created  in  the  system  by  the  rapid  closure  of  a valve  or 
the  quick  start  or  stop  of  booster  pumps,  the  spill  would 
be  considerably  larger.  The  surge  would  not  have  to  be  of 
the  design  magnitude  since  the  leaking  relief  valve  with  its 
reduced  pneumatic  pressure  would  relieve  a surge  below  the 
design  set  point.  The  magnitude  of  this  spill  is  indeterminate 
since  it  requires  detection  and  action  by  an  operator.  The 
worst  situation  would  be  at  night  when  visual  detection 
would  be  greatly  reduced. 

However,  the  series  of  events  which  have  to  take  place 
before  a spill  can  occur  make  it  very  unlikely. 
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TE  VALVE  CHARACTERISTICS  SCENARIO  F.2 


VALVE  CLOSED 


FIGURE  F-2.  SPILL  MAGNITUDE  SCENARIO 


METRIC  CONVERSION  FACTORS 


